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THE PSYCHOLOGY OF DAYLIGHT SAVING 


By Professor GEORGE T. W. PATRICK 


THE STATE UNIVERSITY OF IOWA 


TOTWITHSTANDING the President’s veto, a bill repeal- 
\ ing the daylight saving law in the United States was 
passed by an overwhelming majority in the Senate and House. 
One senator had on his desk a petition for the repeal! of the law 
signed by more than one hundred and twenty thousand names, 
all from one state. In a typical mid-west town of twelve thou- 
sand, a straw vote revealed more than ten to one against the 
plan. Daylight saving in America thus passes for the moment 
into history and by many unthinking people will no doubt be 
remembered as a crazy freak of theorists or an unholy attempt 
to meddle with the clock. 

Nevertheless, daylight saving is sure to be revived and 
there are already strong movements throughout the country to 
introduce it again next summer in separate communities. 
Furthermore, the statement may be made and easily maintained 
that the daylight-saving plan is thoroughly sound and desirable 
both from the economic and scientific standpoint, wholly con- 
ducive to public welfare and practically free from serious 
objections. 

The formidable array of arguments marshaled against the 
plan on the floor of Congress were riddled with fallacies, which 
a little patience and candor might have exposed. Any careful 
and serious consideration of the subject was prevented by a 
wave of reaction and the clamor of the farmers of the middle 
west who were inconvenienced by the law. It was simply 
another instance of a clamorous minority and an indifferent 
public. 

Now that the law has been repealed and we have leisure 
to study the subject more carefully, it will be instructive to 
examine some of the grounds for daylight saving and some 
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of the arguments against it. There are also certain curious 
psychological factors in the case, which it will be interesting 
to observe. 

On the face of it, daylight saving seems to be an unmixed 
gain. The law provided that the clock should be advanced on: 
hour every spring and set back one hour in the fall. Unfortu- 
nately in this country the change was made to take place t 
early in the spring and too late in the fall, a mistake that should 
be remedied in any future attempts. Now, since few people 
get up at daylight in the summer, the daylight saving plan 
gives us an extra hour of sunlight in place of an hour of 
artificial light in our waking day. Since sunlight is cheaper 
than gas or electric light, being absolutely free for the taking, 
and since it is also brighter and healthier, and since, further- 
more, the plan involves no change in the routine of our daily 
life, merely substituting one hour of sunlight for one hour of 
darkness, it would seem at first view that there could be no 
possible objection to it, except on the part of the gas and elec- 
tric companies. 

If we note also the fact that the plan has been adopted by 
practically all the European countries, resulting in an enormous 
saving in expense in artificial lighting and adding apparently 
to the health, happiness and comfort of the people, the mystery 
deepens as to the cause of the objection to it in this country. 
The subject offers a unique chapter in popular psychology and 
reveals certain new features not hitherto brought into the dis- 
cussion. Although sunlight is cheaper, healthier and brighcer 
than artificial light and more convenient even than pressing 
an electric button, it appears that people prefer the artificial 
light and the reasons for this preference have to be taken int 
account. If these reasons are valid, then, in spite of all the 
conspicuous arguments for the plan from the economic, hygienic 
and social point of view, we might still have to revise our 
opinion as to the value of it. 

But first let us orient ourselves on the whole subject. It 
has been determined that adult men and women need about 
eight hours of sleep daily. This leaves sixteen hours of the 
twenty-four for our waking life. In the platform of labor 
parties, for instance, we read of eight hours for work, eight 
hours for sleep, and eight hours for recreation. Now it happens 
that in the summertime in the latitude of New York and our 
great middle west, the daylight day is sixteen hours in length 
It is light at about four in the morning (that is, by the old 
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time) and darkness falls at about eight in the evening. A rt r 
eight o’clock it is necessary to use artificial light. Thus the 
natural daylight day in the summer months exactly fits the 
human working day and there is no doubt that during the age- 
long history of man on the earth, reaching back hundreds of 
thousands of years, he has been accustomed to rise at daylight 
and go to sleep at dark, as do the birds and other lower 
animals. Only the predatory birds and animals, who have 
found it to their advantage to prey upon the quiescent nocturnal 
life, reverse this order. 

Gradually, however, with the invention of artificial light, 
and especially since the invention of the electric light, there has 
come about a displacement between the daylight day and the 
human day, so that now we rise two or three, or even four or 
five hours, after daylight and remain up two, three, or even 
five or six hours, after dark, using artificial light. This dis- 
placement has taken place in human history very recently, just 
yesterday, relatively speaking. Even as late as the time of 
the Greeks and Romans, there was relatively little displacement. 
In one of Plato’s dialogues the young man Hippocrates thumps 
loudly on Socrates’ door before daybreak, eager to hasten to 
the place where Protagoras, the celebrated sophist, was in- 
structing Athenian youth. 

The reasons for this displacement of the human working 
day are interesting. We shall inquire presently into this curious 
bit of psychology. But the displacement itself is going on 
faster than ever at the present time, owing in large part to the 
discovery of the convenient, brilliant and fascinating electric 
light. Every year it seems to be a little harder to go to bed 
or to get up at the old accustomed time. Automobiles, unlike 
the horse, travel as well at night as by day and keep increas- 
ingly late hours. College and high-school students study later 
at night or engage in social activities. To go to bed early is 
not just the thing. It is a little out of date. To meet the 
requirements of our complicated modern life, more and more 
industries continue through the night, for instance, railroads 
and steamship lines, hotels, police service, news collecting and 
newspaper printing, etc. Quite apart, however, from these 
necessary night occupations there is an increasing tendency to 
shift the day farther and farther forward. Without doubt the 
number of people who sleep till noon is constantly increasing. 
If the matter is left to adjust itself, one naturally wonders how 
far we shall go in the substitution of night for day. Will day 
and night finally be wholly transposed? 
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Apart from psychological considerations, this displacement 
of the day seems to be the purest kind of folly. The morning 
hours with the noisy singing of the birds and the streaming 
light of the sun are not well adapted to sleeping. At nightfall, 
which in the summer takes place at about eight o’clock by the 
old time, nature is still and the conditions for sleep are perfect. 

This loss of the morning sunlight was so evidently a net 
loss to the nation, that the daylight-saving plan was devised to 
correct it. It does not attempt to correct the whole discrepancy 
between the natural day and the human working day, but onl 
one hour of it. And it attempts to do this not by making any 
change whatever in our daily program, but simply by setting 
the whole program one hour earlier by the sun, leaving it pre- 
cisely as before by the clock. It is as if a good God had said: 

My people have shifted their day so that they lose two or three hours 
of the precious morning sunlight and have to use artificial light in ¢t 
evening. How shall I correct this? In order not to disturb their habits 
or their customs or their clocks, I will quietly order the sun in the summer 
time to rise one hour later and set one hour later at night. This will br 
their day and my day more nearly together and many of them will har 
know that any change has been made. They will simply enjoy th« 
light an hour longer every evening. 

Of course, the same effect could be accomplished by advanc- 
ing in the middle of some dark night every clock in the land. 
This was the way that Congress attempted to attain the desired 
end. So far as the daylight-saving law has failed of its full 
benefits, it has been because many of us did not understand 
that we were to make no change in our daily schedule. We 
should have gone on precisely as before in every detail. If we 
had been accustomed to rise at six o’clock, breakfast at, seven, 
go to school at nine, lunch at twelve, dine at six and retire at 
ten, we should have gone on doing all these things at precisely 
the same time by the clock. Then no change or disturbance 
whatever would have taken place in our lives, only we should 
have enjoyed an hour’s additional sunlight in the evening. 

True, the great majority of us did this and we have found 
the added sunlight the greatest benefit. We have enjoyed our 
morning’s sleep better because it was dark and quiet. Then 
the day has followed exactly as before, except only that when 
we have gone to work at the usual hour the sun was not so 
high nor so hot and, it being summertime, this has been greatly 
appreciated, for the last hour of our work in the afternoon 
had often been very hot and uncomfortable, and now we have 
been free during this last hour. This has given us after work 
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at night or after school a delightfully long evening for play or 
sport or picnics, or, if we prefer, for work at home. The home 
garden has become more popular and this added hour of sun- 
light after working hours has given many of us an opportunity 
to work in our gardens or with our flowers. To be sure, under 
the old plan we could get up in the morning and work in the 
garden, but the gardens in the morning were wet with the 
dew and work was unpleasant. The result has been a very 
large increase in the number and size of our gardens, with a 
corresponding increase of wealth and health. 

Now that the war is over, if the daylight-saving plan should 
be continued, decided benefit in respect to morals may also be 
expected, for darkness is a cover for every evil thing. We 
know how our cities and towns in the interest of morals flood 
the streets, alleys and parks with electric light. Sunlight ac- 
complished this end so much the better. 

Still greater will be the benefit to our national health. Sun- 
light is the enemy of almost every form of disease. The sub- 
stitution of an hour of daylight for an hour of artificial light 
means for many of us another hour of outdoor life with outdoor 
sports or outdoor work. An hour of lamp light means an hour 
of indoor life. Since some of our most insidious modern dis- 
eases are the results of our increasingly sedentary and indoor 
life, the benefit of the daylight-saving plan to our national health 
must be obvious. 

Incidentally too there will be a decided benefit to the eyes. 
Our modern life involves so great a strain upon the eyes in 
reading and in all manner of fine work, and so much of this 
reading and writing is done at night by the aid of artificial 
light, that the substitution of an hour of sunlight for gas or 
electric light will be of supreme value to us. In fact we are 
coming to realize that something must be done to relieve the 
strain upon the eyes. Statistics from our recent military 
draft showed that nearly thirty-five per cent. of our young men 
were physically unfit for military service, and of the various 
defects causing this unfitness defects of the eyes stood at the 
head of the list, more than one fifth of all the rejections being 
due to this cause. 

While no doubt the greatest advantage of the daylight- 
saving plan is in the matter of health in the substitution of sun- 
light for artificial light one hour each day in the summer, never- 
theless it is the saving in expense which appeals to us most 
forcibly. Artificial illumination in homes, parks, streets, 
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hotels, railroad stations and in all shops, offices, stores, etc., 
that are open in the evening in summertime must begin under 
the old plan about eight o’clock in midsummer and earlier in 
the spring and fall, while under the new plan it begins an hour 
later. The city of Vienna is said to have reduced its gas ¢ 
sumption in one summer by the daylight-saving plan by 158 
million cubic feet, resulting in a saving of $142,000. One 
the large electric-lighting establishments in Paris reported that 
when the clock was turned back in October its nightly peak 
load of 35,000 kilowatts of current jumped in a few days t 
53,000 kilowatts. It is estimated that England saves $12.- 
500,000 in coal annually by the new method and the saving 
for the United States is estimated at $25,000,000 annually. 

The coal supply of the world is not going to last forever. 
Many think that the shortage will soon begin to be felt in this 
country. Coal for keeping us warm in winter and in lighting 
our homes in winter is indispensable. To lie in bed in 
morning when the sun is shining and then use our preci 
supply of coal for illumination at night would seem to be a 
inexcusable extravagance. Conservation of coal will soon be 
absolutely necessary. It may well begin by daylight saving. 
The saving in coal, however, is only a part of the total finan- 
cial gain of the new daylight plan. 

If under such circumstances it seems difficult to explain the 
opposition to the plan, the difficulty is increased when we reca 
the general favor with which the plan has been received in 
European countries and indeed with large classes in America. 
On June 14 of the present year The Literary Digest published 
the results of a wide inquiry among labor unions and working- 
men’s organizations as to the opinion of laboring men about th 
daylight-saving law. With very few exceptions wholly favor- 
able responses were received from mine workers, electric work- 
ers, laundry, brewery, flour, cereal, flint glass, garment, sof 
drink, and boot and shoe workers’ unions and from organi 
tions representing machinists, hod carriers, blacksmiths, bar- 
bers, pressmen, and from hotel and restaurant workers. Fur- 
thermore, the new plan appears to be very favorably received 
by physicians, lawyers, university men, public-school teachers 
and business men. It gives them longer summer evenings for 
gardening, motoring, golf, etc. 

The immediate cause of the attempt of Congress to repeal 
the law was the loud and vigorous protest of the farmers against 
it. If we consider the unusual and unparalleled prosperity oi 
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the farmers during the time in which daylight saving has been 
in force, and furthermore the rather unconvincing character of 
the arguments which they brought against it, and still further 
the very feeble fight which advocates of the plan offered in its 
defence, it becomes evident that there were other factors in- 
volved in the situation. One of these factors no doubt was the 
extreme conservatism of the American people and their dislike 
of any legislative action which seemed to interfere with the 
established routine of their daily lives. The change to standard 
time, for instance, which was effected by act of Congress some 
years ago and which has resulted in great benefit and conven- 
ience, met with serious opposition in many quarters and it is 
said that the old time is still adhered to in some localities. 
Again, all attempts to discard our antiquated and inconvenient 
system of weights and measures and to substitute the scientific 
metric system have met with opposition. For a body of legis- 
lators at Washington to interfere with the affairs of our daily 
life and tell us what time to get up and what time to go to bed 
was carrying things too far. As a war measure we could sub- 
mit to this or any indignity, but not in time of peace. When the 
daylight-saving scheme was first brought forward in England 
and America it was opposed even by men of science, and if the 
farmers have offered unsound arguments against it, so did the 
scientists. It was argued, for instance, by the English journal, 
Nature, that England should not adopt the plan for the reason 
that it had been adopted by Germany and that Germany had 
probably adopted it because England had not! This writer 
closed his editorial with the remark that daylight saving would 
be a leap in the dark! This was every bit as bad as the farmer 
who wrote to his local paper that the crazy daylight law should 
be repealed because working in the corn-field in the early morn- 
ing brushed the dew from the corn. A slight computation 
would have shown this writer that the chances of any given hill 
of corn having the dew brushed from it once during the sum- 
mer, owing to the earlier hour of the farmer’s day, would be 
only one in ten. Many letters were written by farmers and 
farmers’ wives to local papers protesting against the unholy 
interference with God’s time. 

But let us consider the real arguments against the plan of 
daylight saving as they were presented by the farmers through 
their representatives in Congress. One objection was that the 
hottest time of the day was between twelve and one o’clock 
(according to the old time) and under the new plan the farmer 
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and his horses must be back in the field during this hour. T) 
argument has all the appearance of being manufactured in som: 
newspaper office, for any observing farmer knows, as ; 
thermometric chart will show, that the hottest part of a sum- 
mer’s day is not at that time, but between two and four in 
afternoon, usually between two and three. In midsummer 
the Mississippi Valley the maximum temperature occurs at 
about three o’clock, while even at six the temperature has fa 
often only three degrees Fahrenheit. The great difference | 
tween the temperature of the first morning hour of the working 
day and the last evening hour, reveals the advantage of the new 
plan to all workers during the hot weather, since it substitutes 
the cool morning hour for the hot evening hour. 

Second, it was complained by mothers, not only in the coun- 
try but in the city, that under daylight saving the children 
could not get ready for school in time, since it began an hour 
earlier. The reply to this is, of course, that school does not 
begin an hour earlier but at precisely the same time, namely, at 
nine o’clock. If the children were accustomed to get up at five 
six, seven or eight o’clock, they could continue to do so under 
the new plan and would have the same time for preparation as 
before. In any case they would not have to get up before light, 
for it is light at five o’clock by the new time in midsummer and 
at half past five on May 1. It is probable that the children slept 
later under the new plan and they slept later because they sat 
up later. In other words, they did not fully accept the daylight- 
saving plan but made a change in their hour of retiring, when 
it came into effect. Indeed if school began at seven, ther 
should be no difficulty in getting there on time. It’s a matter of 
habit. The church hour has been gradually put later and later 
until now it is at eleven o’clock, and yet many people are lat 
for church. 

Third, it was complained that the dairymen had to get u! 
earlier in the morning, perhaps before daylight, in order to get 
the milk ready for the morning trains. Incidentally one can 
not help noting here a psychological factor, namely, our willing- 
ness to use artificial light in the evening but our dislike to using 
it in the morning. No doubt the advancing of the clock has 
made it necessary for some dairymen to get up before dayligh' 
and has caused them considerable inconvenience. But for these 
dairymen to ask that the rest of the hundred million people o! 
this country should sleep another hour every morning in order 
that they, the milkmen, should not have to get up before day- 
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light would be unique, to say the least. If, for instance, we 
imagine a great nation accustomed to get up at daybreak and 
go to bed at dark and living in large cities and demanding fresh 
milk for their breakfasts, some one would have to get up before 
light to supply the demand. This inconvenience could no doubt 
be avoided if all the people except the dairymen should sleep 
several hours later in the morning, but no sane man would pro- 
pose to remedy the difficulty in this way. 

Seen in this light, the other difficulties experienced by the 
farmers fall into their proper perspective. In advocating the 
repeal of the law, the farmers have laid special stress upon two 
difficulties. First, owing to the dew, the early morning hour is 
not favorable for farm work. And second, if to avoid this the 
farmer begins and ends his day’s work at the former time, his 
hired men make trouble, since they wish to stop work when the 
town and city people do. Furthermore, if the farmer works an 
hour longer than the city people, he is late for any entertain- 
ment or meeting which he may wish to attend in the city in the 
evening. As these difficulties were presented to the country, 
they were offered as separate and cumulative objections. They 
are, of course, alternatives. If the farmer begins his work an 
hour earlier than formerly and experiences trouble from the 
dew, he does not experience the other troubles, and vice versa. 

Perhaps none of these difficulties is so serious as was 
imagined. The complaints about the dew came principally from 
the farmers of the Mississippi Valley and pertain only to haying 
and harvest time. The dew does not interfere with other farm- 
ing operations, such as plowing, disking, seeding and planting 
and cultivating corn. During harvest time, as the dew is some- 
times on the grass and grain until nine or ten o’clock, it is often 
in any case necessary for the farmer to begin and end his work 
at later hours. The need of synchronizing farm and city hours 
of labor during three or four weeks of the year is not so great 
as to ask a whole nation during the whole summer to begin its 
day’s work an hour later in the morning and live by artificial 
light an hour later at night. 

It was also loudly proclaimed by the opponents of the day- 
light-saving law that if the city people want to get up earlier in 
the morning, they can do so, but let them not meddle with the 
clock. But if the city people got up earlier, they would begin 
their working day earlier and the farmers’ two difficulties 
would appear as before. And it should be remembered that it 
is a question of social welfare in which everybody is interested 
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and that the habits of the people will not be changed, althoug! 
theoretically they could be, without some concerted legisla- 
tive action. It is probable that the farmers themselves, when 
the matter has been accurately presented to them, accustom: 
as they are to rise and retire early, will welcome a change whic! 
shall encourage other people to do the same. 

It turns out, therefore, that the objections to the daylight- 
saving law are rather petty and not of serious moment. P 
haps the strongest objection is one which apparently was n 
urged by the opponents of the law, namely, that a great many 
people in America have to sleep in upper rooms which are \ 
hot in the evening and that they therefore sit up until it is co 
and so under the new plan do not get enough sleep. There ar 
no doubt ways in which this difficulty may be met and it is not 
of such seriousness as to weigh against the exceeding great 
benefits of the new plan. 

After all, the psychological factors of the situation are th 
ones which present the greatest obstacles to daylight savin; 
There is a certain fascination about artificial light and a certai! 
human predilection for night life that must be reckoned with. 
Whatever the reason for this preference may be, it is so stron; 
that if by legislative action we were to set forward the clo 
one hour both summer and winter, in the long run it is probab\ 
that nothing would be gained. We should soon be getting up a: 
hour later by the clock, should go to school at ten, to church at 
twelve, and our whole daily schedule would be corresponding!) 
advanced. It is only by adopting the plan for the summer 
months that any really permanent advantage may be geined. 

But what is the cause of this shifting forward of the human 
day so that it no longer corresponds with the solar day? Why) 
do we tend to get up later and go to bed later as the years go by: 
There are several reasons and the psychologists are able wit! 
considerable success to fathom them. The first is a very simp 
and evident reason. As life becomes complicated and interest- 
ing, it is difficult to get through with the duties of the day in th 
usual time and so we sit up later at night, and then, in order t 
obtain the necessary sleep, we have to get up later the next 
morning—and the habit grows. 

Another minor cause is found in the fact that at night, whe! 
most of the world sleeps, some will find it to their advantage t 
be awake. Just as certain predatory birds and animals roam 
or prow] at night to take advantage of the sleepers, so certain 
human occupations, lawful and unlawful, flourish under cover 
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of the darkness. Certain kinds of crime flourish at night and 
night is proverbially the time for love making in all its phases. 
Many students, writers, inventors, etc., work at night simply be- 
cause it is quiet and greater mental concentration is possible. 
Some night workers report a peculiar feeling of power and sov- 
ereignty at night, as though one possessed the world. Ob- 
viously, however, these advantages of night work will disappear 
in proportion as the night hours are used by all. Already the 
morning hours are becoming the really quiet time for work. 
Those who find the night hours better for concentrative or crea- 
tive work have formed an expensive mental habit. If the habit 
were reversed, the morning hours after refreshing sleep would 
be found the most productive as well as the most economical. 

But probably the real reasons for our ever increasing night 
life are of a profound psychological nature. There are two dis- 
tinct principles involved here. First, artificial light exercises 
upon us a peculiar fascination not possessed by sunlight. This 
is due to certain mental associations coming down from the 
primitive life of man. Fire is the origina! source of artificial 
light and fire and light are associated in the mind. The camp- 
fire or the fire on the hearth suggest feasting and joy after the 
labor of the day and in winter suggest warmth and comfort. 
After the strenuous labors of the day in forest and field comes 
the pleasant relaxation of the evening, and whether this takes 
the form of feasting or dancing or music or the telling of tales, 
the camp-fire is the center of this joyous social life. This deep- 
seated association fixed by centuries of ancestral habit explains 
that peculiar feeling of pleasure which we have when the lights 
are lighted at night. When theatrical performances are held 
by day, no matter how well lighted the theater may be, we all 
prefer to darken the windows and use the electric lights, while 
the lure of the great city is partly due to the glitter of the bril- 
liantly lighted streets and places of amusement. 

The other reason for the peculiar charm of night life is due 
to still more recondite mental associations. To live by night 
and sleep by day is a sign of class distinction. The man who 
works at common manual labor must rise with the sun and go 
to work. Not so the leisure classes. They can rise when they 
choose and sit up as late as they wish. Night life, therefore, 
gives what Professor Thorstein Veblen would call “honorific 
status.” It is only another case of “conspicuous waste.” To go 
to bed early is not just the thing from the social point of view. 
To sit up late is a sign of a certain “invidious distinction.” To 
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sit up very late or to lie in bed till noon is a sign of affluen 
We often boast of late hours but we are a little ashamed 
going to bed early. In Russia, for instance, before the war. 
class distinctions were quite marked in this way. Banks, busi- 
ness and professional offices, etc., opened at ten o’clock. Lu 
was served at two, dinner at seven, evening tea between eleven 
and twelve, regular social activities continued till two or thr 
and special social functions till four or five in the morning. The 
laboring classes, on the other hand, must get up early and retir 
early at night. Night life thus became a form of “ ostentatious 
display.” 

On the whole, then, it appears that the motives which hay 
led to the substitution of the night life for the life of the sun- 
light day have little or nothing to recommend them, whether w: 
consider them in their economic, hygienic, moral, social or psy- 
chological relations. They rest upon an obsolescent social! 
philosophy and outgrown anthropological habits. They can not 
prevail at a time like this when we recognize the dignity « 
labor, the importance of health and the need for conservatio: 
of our material resources. The daylight-saving movement is 
therefore distinctly a modern movement, representing jus! 
what the present age stands for, namely, health, economy, con- 
servation and common sense. 
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HARVARD UNIVERSITY 


THE ECONOMICS OF SNOW 


ryx\HE margin of temperature difference between rain and 
| snow is a narrow one. It is, however, one of the most 
critical points in man’s relation to the atmosphere, because 
of the fundamental differences in the economic effects of 
rain and snow. Snow, especially the deep snows which lie for 
weeks and months on the mountains and plateaus of the semi- 
arid West, furnish a slower and therefore a more lasting nat- 
ural supply of water for power, for irrigation, and for general 
use than does rain, which has a quick run-off. In the drier 
sections of the United States many of the most important prob- 
lems with which engineers have to deal, whether in connection 
with railroad construction and operation, or hydraulics, or 
irrigation, or general water-supply, are connected with the 
depth and conditions of snowfall, and with the amount of water 
which its melting will supply. In California, the mountain 
snowfall has well been termed the life-blood of the state, and 
the same is true of most of the vast territory west of the Rocky 
Mountains. The farmers throughout the districts of deficient 
precipitation are deeply concerned with the amount of winter 
snowfall, for the melting snows supply most of the water needed 
for irrigating the crops. A winter snow-cover prevents deep 
freezing of the ground; protects grasses and fall-sown crops, 
and provides spring moisture for growing vegetation. 

When sufficiently deep, and more or less permanent, snow 
makes sleighing possible, and greatly facilitates lumbering 
operations over the forested sections of the northern and north- 
eastern states. Heavy winter snows, on the other hand, inter- 
fere with railroad operation, sometimes causing serious and 
expensive interruption of transportation, and involving great 
expense for the removal of snow from steam and electric rail- 
roads, and from city streets. At the same time, such conditions 
furnish employment to thousands of men. An open winter, 
with light snowfall, means a saving of millions of dollars to the 
railroads and cities in the snow-belt. In the latitudes of heavy 
snowfall, snow-sheds, snow-fences and snow-ploughs are essen- 
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tial to a reasonably uninterrupted railroad service. The 
demand for all kinds of rubber footwear in the states wher 
snowfall is a common winter characteristic has given rise { 

one of the important manufacturing industries of the snow-belt. 
The use of snowshoes and of skis, for winter sports as well as 
for ordinary means of locomotion, is another result of a winter 


snow-cover. 
THE MEASUREMENT OF SNOWFALL 


The accurate measurement of snowfall presents many difti- 
culties, and no reasonably simple, practical and satisfactorn 
method for general use has yet been devised. Most of the avail- 
able records are still of rather doubtful accuracy. What 
needed is careful determination both of the depth of snow as it 
falls and also of the water-equivalent of the snow when melt 
The widely-quoted average ratio of ten inches of snow to on 
inch of water is subject to very wide fluctuations, for it deper 
upon the varying density and quality of the snow. The essen- 
tial difficulty in obtaining accurate measurements by means of 
any ordinary form of gauge results from the effect of the wind 
in preventing the snow from falling into the gauge. In calms, 
or during light winds, there is little or no error, but when ther 
is much wind such a gauge, unless properly protected 
screened in order to break the force of the wind, will give t 
small a catch, the deficiency becoming greater as the wind 
velocity increases. 

In view of the economic importance of the amount of water 
available for irrigation and power in the western states, con- 
siderable study has been made, especially during recent years, 
of the whole problem of the more exact determination of th 
depth of snowfall and of its water-equivalent. Various 
provements in snow-gauges which weigh the snow directly ha\ 
been made by Marvin, Fergusson, Rotch and Fitzgerald, but 
there still remains the difficulty of securing an accurate catch. 
Professor Charles F. Marvin, the present Chief of the Weath 
Bureau, has devised a large shielded weighing gauge which has 
given fairly satisfactory results at some stations, but ther 
have been difficulties with it on account of the blocking of th 
top of the collector during wet and sticky snows and by frozen 
snow, as well as by reason of its being crushed by the weight of 
very deep snow. In snows which accumulate to a depth 0! 
many feet a very large gauge becomes necessary, and there are 
many difficulties which are not met with where snows are light. 
In the regions of very heavy snowfalls on the higher unin 
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habited elevations of the western states there is the difficulty « 


visiting the gauges during the winter, and of constructing a 
gauge of some sort which may catch, and record, the snowfall 
of a whole season. Snow “bins” of various forms, standpipes, 
platforms, and other devices have been tried, without much 
success. Various methods have also been used for measuring 
the depth of snow by means of snow-stakes, and of melting 
cross-sections of snow in order to determine the average density 
of the snow cover. Professor J. E. Church, Jr., of the Univer- 
sitv of Nevada, has obtained good results by using snow-stakes, 
and by cutting out and measuring tubular sections of the deep 
snows of the Sierra Nevada by means of his improved “snow 
sampler.” 

In this instrument, vertical snow cylinders are cut out b) 
means of several sections of tubing of small diameter, and the 
vater content of this sample is determined by weight, the dial 
of the spring balance being graduated to indicate the depth of 
water instead of its weight. In order to ascertain in advance 
the amount of water which will each year be available from the 
melting mountain snows, surveys have been made of type water- 
sheds in selected areas of the West, and the amount of snow on 
adjacent watersheds is then estimated. Surveys of this kind 
will undoubtedly be greatly extended by the Weather Bureau in 
the near future. 

In the matter of forecasting the amount of water available 
from snow, the rate of melting of the snow, as well as the 
amount of evaporation from the snowfields and from the sur- 
faces of water storage basins are obviously of great conse- 
quence. Some years ago (1908) Professor J. N. Le Conte 
devised a method for determining the mean rate of melting of 
the snows in the Sierra Nevada Mountains of California.* In 
order to obtain the true rate of melting, the average date at 
which the snow is of a certain depth is determined. The mean 
curve of melting is then compared with the actual curve of a 
given year. When the actual curve falls below the mean as a 
whole the season is dry, the rains are likely to be low, and travel 
in the mountains will probably be easy as early as July. When, 
on the contrary, the actual curve of melting is slower than the 

1J. E. Church, Jr., “ Snow Surveying: its Problems and their Present 
Phases with Reference to Mount Rose, Nevada, and Vicinity,” Proc. 2d 
Pan-Amer. Sci. Congr., Sec. II., Vol. II., 8vo, Washington, D. C., 1917, 


pp. 496-547 (a general discussion of the problem, with references to the 


literature). 
*J. N. Le Conte, “ Snowfall in the Sierra Nevada,” Bull. Sierra Club, 
June, 1908. 
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mean, it may be inferred that the snows will last longer, and 
that high water will come later. This matter has been dis- 
cussed by Professor A. G. McAdie, who has designed a mode! by 
means of which the actual curve of melting for a given season 
may be compared with the mean curve, and thus the probable 
date of the disappearance of the snow may be determined." 
Professor A. J. Henry, of the Weather Bureau, has investi 
gated the weather conditions which may modify or contro] th 
disappearance of the snows in the High Sierras of California.‘ 
The most pronounced “snow flood” in the United States is that 
which passes annually down the Columbia River and which is 
due almost wholly to the melting snows on the mountains of th 
Columbia drainage basin. Otherwise “snow floods” are gen- 
erally rare in the United States, flood conditions being usually 
brought about by a combination of snow-melting and of heavy 
rainfall. In the high Sierras, the most favorable weather con- 
ditions for the conservation of the snow-cover are low tempera- 
tures and little wind movement. When these conditions pre- 
vail, the average loss by evaporation is about three quarters 
an inch per day. Relatively high temperature, active wind 
movement, and abundance of strong sunshine are the most 
favorable conditions for the conservation of a snow cover. 


Under these conditions, the loss of freshly fallen snow ma 
average ten inches a day, and of old snow, three to four inches. 
In connection with the disappearance of snow, the influence o! 
forests upon the rate of melting deserves more extended stud) 
than it has yet received. To cite but one illustration, it appears 


that in the case of the yellow pine forest near Flagstaff, Ar 
the spring rate of melting in the forest is noticeably slower 
than that over the adjacent grass and farm-land park area. 
The observations of snowfall at the regular stations of the 
Weather Bureau are made by means of ordinary gauges, th 
amount of melted snow being included in the general record of 
“rainfall.” In addition, the number of inches and tenths of 
inches of snowfall for each 24-hour interval is determined as 


9 
we 


3A. G. McAdie, “ Snowfall at Summit, Cal.,” Mo. Wea. Rev., Vol. 3 
1910, pp. 940-941; “Forecasting the Supply of Water for the Summer 
from the Depth of Snow,” ibid., Vol. 39, 1911, pp. 445-447; “ Forecasting 
the Water Supply of California,” ibid., Vol. 41, 1913, pp. 1092-1093; “ Th 
Principles of Aerography,” 8vo, Chicago and New York, 1917, pp. 226 
229. See also J. N. Le Conte, loc. cit. 

4 Alfred J. Henry, “ The Disappearance of Snow in the High Sierras 
of California,” Mo. Wea. Rev., Vol. 44, 1916, pp. 150-153. 

5A. J. Jaenicke and M. H. Foerster, “The Influence of a Western 
Yellow Pine Forest on the Accumulation and Melting of Snow,” Mo. Wea. 
Rev., Vol. 43, 1915, pp. 115-124. 
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accurately as possible by measurements made at places where 
the snow is of average depth.° 

These observations have been used as the basis of the snow- 
fall maps of the United States hitherto published. 


THE MEAN ANNUAL SNOWFALL MAP OF THE UNITED STATES 


The standard snowfall map of the United States at the pres- 
ent time was constructed by Dr. Charles F. Brooks and orig- 
inally published in England.‘ 

It is here reproduced, with some slight modification, for the 
first time. The map is based upon the snowfall observations 
from July, 1895, to June, 1910. In all, the data for over 2,000 
stations were used. Of these, 159 had a continuous record for 
the fifteen years, and these were given the most weight. The 
data for stations with shorter records were given less and less 
weight as the length of the period of observation decreased. In 
previous maps the observations used came mostly from the 
larger cities, the majority of which are not far from sea-level. 


6 Current data regarding snowfall may be found in the “ Annual Re- 
ports of the Chief of the Weather Bureau”; in the Monthly Weather 
Review (including the Annual Summary), and in the monthly and annual 
reports of “ Climatological Data ” which are issued for the section centres, 
each section as a rule corresponding to a state. Averages, covering 
periods of years, may be found in the “ Summaries of Climatological Data 
by Sections,” and in A. J. Henry: “Climatology of the United States,” 
Bulletin Q, U. S. Weather Bureau, 4to, Washington, D. C., 1906. Both 
of the last-named publications also contain brief statements concerning 
snowfall in their texts. Maps showing the depth of snowfall for each 
month appear regularly during the winter in the Monthiy Weather Review, 
and the depth of snow on the ground is charted weekly during the season 
in the Snow and Ice Bulletin. All of the above are regular publications 
of the Weather Bureau. 

*The first snowfall map of the United States was constructed by 
Professor Mark W. Harrington on the basis of data covering the general 
period 1884 to 1891. A reproduction may be found in F. Waldo, “ Ele- 
mentary Meteorology,” 8vo, New York, 1896, Fig. 108, p. 344. A later 
chart, for the general period 1884 to 1895, the data covering varying num- 
bers of years from 3 to 11, by Professor A. J. Henry, was published in the 
Monthly Weather Review, Vol. 26, March, 1898, Ch. XI., Text, p. 108. A 
note is appended to the chart, stating that the snowfall of the Sierra 
Nevada and Rocky Mountains is “much greater” than is shown on the 
chart. Monthly charts, showing the average depth of snowfall from 
October to May, inclusive, based on records of varying lengths from five 
to twenty years, mostly not over seven years (1884-1891), were published 
in 1891 by Professor Harrington (Bulletin C, U. S. Weather Bureau, 
1894, Pl. XVIIL., text, pp. 16-17). 

*Charles F. Brooks, “The Snowfall of the United States,” Quart. 
Journ. Roy. Met. Soc., Vol. 39, 1913, pp. 81-84, Pl. II. 
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Hence the snowfalls on the mountains and at the higher eleva 
tions generally were not indicated. In the case of the present 
map, the author has made use of the observations which ha) 
been obtained at the higher altitudes as well, and, taking ac 
count of the probable effect of the topography, has for the { 
time shown the actual conditions of snowfall over the wh 
country with as close an approach to accuracy as is possi! 
with the observations which were used. When more numerous 
and later data come to be taken into account, a more detai! 
and a more accurate map can, of course, be constructed. 
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MBPAN ANNUAL SNOWFALL MAP OF THE UNITED STATES 


The lines on the accompanying map show the average annu 
depth of snowfall, in inches, on the general basis of 15 years 
observation. They do not, therefore, indicate the maximum 
the minimum depths which have been recorded in this peri 
nor the depths in any single year; nor does the 0-inch line sho" 
the extreme limit to which snow has ever fallen. It must, ful 
thermore, be remembered that the amount of snowfall vari 


greatly, and very irregularly, from vear to year. Years 
abundant snows, well exceeding the average depth, alternats 
irregularly with years of deficient snowfall. This variabilit) 
depends on the length and the severity of the winter, and on th 
number and the intensity of the snowstorms. 





SNOWFALL OF THE UNITED STATES 403 


GENERAL CONTROLS OF SNOWFALL; SNOWSTORM; 24-HOUR 
SNOWFALLS 


The major controls of snowfall in the United States are 
the temperature; the season of precipitation; the frequency and 
intensity of winter storms; the topography; proximity to pri- 
mary sources of moisture-supply, such as the oceans and the 
Great Lakes, and the exposure to damp winds. The heaviest 
snowfall is to be expected where the winter season naturally 
has abundant precipitation, and where the temperatures are low 
enough to give snow instead of rain. Such conditions are found 
on certain mountains, as on the Sierra Nevada, for example, 
where the low temperatures are due to the altitude, or on damp 
lowlands, as in the vicinity of the lakes, where the climate is 
continental and therefore the winters are cold. The tempera- 
ture control over snowfall is clearly indicated in the decrease 
in the amount of snow towards the south, and also along the 
Atlantic coast, where, during the winter months, rain frequently 
falls with onshore winds while it is snowing in the interior, not 
many miles away. 

Over nearly all of the eastern United States the northeast 
wind, being both cold and damp, is the chief snow-bringer. A 
“northeast snowstorm” is a familiar winter characteristic, 
especially along the Atlantic coast. The heaviest snows usually 
come in February or even in March over the northern sections. 
The northwest winds, blowing on the rear of the storms, are 
plenty cold enough to give snow, but are generally too dry. 
Snow flurries, rather than deep and general snows, are there- 
fore usually associated with them. Exceptions must, however, 
be made in the case of windward mountain slopes, as in the 
Appalachian area, and of places to leeward of the Great Lakes, 
where the northwest winds may bring heavy snowfalls. In an 
intensive study of two great snowstorms, Dr. Brooks has 
brought out certain characteristics of snowfall distribution 
which are doubtless of common occurrence."” 

Snow fell over a wide area on each side of the storm track. 
The heaviest snows came with northeast winds, over a belt 
about 100 to 200 miles in width, to the north of the track. The 
northwest winds, in the southwest quadrants of the storms, 
sprinkled light snows over the country as far as about 300 miles 
to the southward of the track. A distinct “patchiness” in the 

*Charles F. Brooks, “ The Snowfall of the Eastern United States,” 
Mo. Wea. Rev., Vol. 43, 1915, pp. 2-11. 

Charles F. Brooks, “The Distribution of Snowfall in Cyclones of 


the Eastern United States,” Mo. Wea. Rev., Vol. 42, 1914, pp. 318-330; 
Chs. 11, 
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distribution of these snowfalls resulted from local topographic 
features. 

It is a general characteristic of heavy snowfalls in eastern 
districts, especially on mountains, that they are accompanied b 
fairly high winds. A marked contrast to this condition is f 
in the region of very deep snows on the Sierra Nevada Moun- 
tains of California, for example, where the winds are alway: 
relatively light. 

The greatest 24-hour snowfalls in the different sections 
the country have been summarized by Professor Henry as { 
lows: northeast, 2-3 ft.; elsewhere east of the Mississippi River 
from 8 inches (Ohio Valley) to 18-20 inches (along the Low 
Lakes) ; southern states, 4-8 inches; Mississippi Valley, 5 inches 
(Vicksburg) to 20 inches (St. Louis); northern plains, 9-17 
inches; Rocky Mountains, 8-24 inches; Plateau and Northern 
Pacific coast, 10-20 inches. 


GENERAL DISTRIBUTION OF SNOWFALL IN THE UNITED STA 


Snow falls regularly every winter over by far the great 
part of the United States. The only sections which seem t 
exempt from even occasional snowfalls are southern Florida a: 
the lowlands of southernmost California adjacent to the ocean. 
There is considerable variation in the latitudes which mark th 
southernmost limits of snowfall in any given winter, but 
purposes of convenience and of easy memorizing, the limiti) 
latitudes of regular and of occasional snowfall may be bro 
generalized as follows: 


LATITUDES OF REGULAR AND OF OCCASIONAL SNOWFALL 
District Regular Occasional 

Pacific Coast.. 45° (northern Oregon) 34° (Los Angeles) 
ee 30° (northern Gulf) 26° (southeast Texas) 
Atlantic Coast.. 35° (Hatteras) 29° (northern Gulf) 
From a practical point of view it may be said that snow 
does not occur in sufficient amount to lie unmelted on the ground 
south of San Francisco on the lowlands of the Pacific Coast, 0! 
south of Cape Hatteras on the Atlantic Coast. This statement 
however, does not hold for inland districts, or for elevated 
areas. The southern boundary of a regular winter snow-cover, 
in ordinary winters, may be put at about lats. 41°-42° in t! 
eastern United States, but occasional winters carry the snow- 
cover a good deal farther south. It is one of the marked climat 
characteristics of the eastern United States that snow not inir 


11 Loe. cit., footnote 6, pp. 58-59. 
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quently occurs unusually far south, in districts which have very 


mild winters. 

The most striking general facts on the snowfall map are the 
effects of the topography in causing very heavy snowfalls on the 
western flanks of the Sierra Nevada and Cascade Ranges (ex- 
ceeding 400 inches over considerable areas); the “snow- 
shadow” effect of this western mountain barrier in causing a 
decrease in the depths of snowfall over the interior plateau dis- 
tricts as a whole, with larger amounts over the mountains and 
higher plateaus; the heavy snows of the Rocky Mountain sys- 
tem, averaging considerably less than on the Pacific Coast moun- 
tains, but amounting to more than 100 inches over fairly large 
areas even as far south as northern New Mexico, reaching over 
300 inches in southern Wyoming and 400 inches in parts of the 
Colorado Rockies. East of the Continental Divide the snowfall 
rapidly decreases again, the lines of equal depth extending in a 
general east-and-west direction under the control of latitude. 
The Appalachian mountains and plateaus carry the lines well to 
the south (50-100 inches from Maine to Maryland), while the 
warm waters of the Gulf Stream carry them northward along 
the coast as far as Cape Hatteras. In the vicinity of the Great 
Lakes, especially on their lee shores, and thence eastward along 
the Canadian boundary as far as New England, there is a rela- 
tively heavy snowfall (more than 100 inches in northern New 
England and 80 to more than 100 inches on the lee shores of the 
lakes). Including the higher altitudes, the annual snowfall 
may be said to average roughly more than 20 inches over north- 
ern and less than 20 inches over southern sections. Most of 
this snow falls from December to March, but at the higher ele- 
vations, and in the northern states, it begins as early as October 
or even September, and falls as late as April or even May. In 
general, topography is seen to be the most striking control in 
the west, and latitude in the east. 


THE SNOWFALL OF THE PACIFIC SLOPE 


The snowfall over the lowlands of the Pacific Slope is of 
little importance. It is very light, even in the north, and seldom 
excites interest except when, at long intervals, snow falls in 
southern districts where it is so uncommon as to be a curiosity, 
or when, occasionally, a heavier fall than usual in the northern 
districts causes comment. Snow is rare on the immediate coast 
south of the northern boundary of California (latitude 42 N.), 
but it is frequent on the mountains, even in southern California. 
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When snow does occur on the lower lands of southern Cali- 
fornia, it seems always to fall with hail, sleet or rain. 

Interest is, however, naturally very great in what has for 
years enjoyed the distinction of being the area of heaviest snow- 
fall in the United States. This area, which is clearly indicated 
on the snowfall map, is on the western slopes of the high Sierras 
of California, and has been closely studied along the line of 
Southern Pacific Railroad which connects Sacramento, Cal.. and 
Reno, Nev. Recent discussions by Professor A. G. McAdi 
and Andrew H. Palmer™ have brought out many interesting 
facts regarding this remarkable snowfall. 

Over an elongated area of considerable extent stretching 
along the windward (western) upper slopes of the mountains, 
the average annual snowfall is over 400 inches, i. e., over 30 feet 
deep. Another area, also with over 400 inches, is found over the 
Cascade Mountains in northern Washington, but has not yet 
been intensively studied. The average annual snowfall at Sum- 
mit, Cal. (7,017 ft.), for 44 years, is 419.6 inches, and the 
average for 8 years at Tamarack (8,000 ft.) is 521.3 inches. 
During the winter of 1879-80, 783 inches of snow fel! at Sum- 
mit, and in 1889-90, 776 inches. At Tamarack, in 1910-11, 757 
inches fell. The depth on the ground (9-year average) has been 
determined as follows (T, Tamarack; S, Summit) : 


INCHES 


Dec. 1 Jan. 1 Feb. 1 Mar. 1 Mar. 15 Mar 
62 165 183 194 192 
44 122 127 140 118 


The total precipitation as rain and melted snow is 48.1 inches 
at Summit and 57.5 inches at Tamarack. These totals by n 
means represent a very heavy annual precipitation. The signif- 
icant fact is the proportion of the whole which falls as snow. 
The Pacific Slope has dry summers and a well-marked winter 
maximum of precipitation. This maximum results from a com- 
bination of various factors, among which the more important 
are the general winter storms and the prevalence of moisture- 
laden onshore winds which, in ascending the then cold slopes of 
the higher mountains, are cooled to temperatures below freez 
ing. This winter maximum is very distinct over the lowlands 
and valleys, but is less marked at the higher levels. The in- 
crease in annual precipitation with increase of altitude, which 


12 See footnote 3. 
13 Andrew H. Palmer, “The Region of Greatest Snowfall 


United States,” Mo. Wea. Rev., Vol. 43, 1915, pp. 217-220, with illustrations. 


in the 
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is a general characteristic of mountains, is rapid up to a certain 
height, after which the rate lessens, and finally there is a de- 
crease in precipitation with altitude. A maximum amount of 
rainfall, including melted snow, is reached at between 6,000 
and 7,000 feet. 

tailroad operation in this region shows many responses to 
the heavy snowfall, as all travellers over the Southern Pacific 
route, through Summit, well know. The famous “thirty miles 
of snowsheds ” cost $42,000 a mile over single track and $65,000 
over double track. About $150,000 is spent annually for upkeep 
and renewals. The life of a shed averages a little over twenty 
years. Fire-fighting trains are kept always in readiness in case 
the sheds take fire, which they often do. The weight of the snow 
is so great that sections of the sheds occasionally collapse. A 
heavy rain and snow gauge has been completely crushed by the 
snow, and a fence made of two-inch boiler flues has been bent. 
The gables of the houses are all built at sharp angles, so that the 
snow may slide off. Some very recent observations on Mt. 
Rainier, Wash., indicate that the snowfall in that district is 
extraordinarily heavy.'* Daily records of snowfall were kept 
during most of the season of 1916-17 at Paradise Inn, on the 
south slope of Mt. Rainier, at an elevation of 5,500 feet. Ob- 
servations were not begun until November 24, 1916, but from 
that date until the last snowstorm before midsummer, 1917, the 
total depth of snowfall was 789.5 inches. The record at Para- 
dise Inn is the first which has been obtained west of the summit 
of the Cascades in Washington at so great an elevation. The 
railroads cross the mountains at comparatively low levels. The 
season of 1916-17 does not appear to have been one of unusually 
heavy snowfall, nor is Paradise Inn located at what would theo- 
retically seem to be the region most favorable for a maximum 
precipitation. It is not unlikely, therefore, that still deeper 
snows will eventually be recorded at greater altitudes than 5,500 
feet on Rainier, which may some day deprive the Sierra Nevada 
of California of the distinction of having the greatest snowfall 
in the United States. 

The importance of the water-supply from the melting snows 
of the higher mountains on the Pacific Slope cannot be over- 
estimated. Millions of dollars’ worth of water, for irrigation, 
for power, and for general city and domestic use, are obtained 
each year from these snows. Without them, most of the valleys 
and lowlands on the coast would be unable to support their 


14 Lawrence Foster, “ Snowfall on Mt. Rainier,” Mo. Wea. Rev., Vol. 
46, 1918, pp. 327-330. 
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present crops, and the population of the region would never 
have attained its present numbers. 


SNOWFALL OVER THE WESTERN PLATEAU REGION 


Over the western plateau area, between the Sierra Nevada 
Cascade ranges on the west and the Continental Divide of th 
Rocky Mountains on the east, most of the winter precipitati 
comes in the form of snow. The essential features of the snow 
fall distribution are the general decrease over the valleys and 
less elevated portions from 20 to 30 inches in the north to less 
than 5 inches and even to 0 inches in the south. Over thes 
districts of light snowfall the ground usually does not remain 
covered many days at a time, and in the region of the lower 
Colorado River, in southwestern Arizona and southeastern Cali- 
fornia, snow is rarely seen except on the mountains. The mou 
tains and more elevated plateaus have decidedly heavier snows. 
A maximum of over 400 inches is reached in some parts of 
Colorado; of 300 inches in southern Wyoming, and of over 100 
inches in many places from Idaho and Montana on the north t 
northern New Mexico on the south. The snowfall in the Colo- 
rado mountains is much greater than the summer rainfall, and 
comes largely in the spring months. Most of the rivers of the 
plateau states have their sources in the higher mountains, and 
the slow melting of the snows, which usually last well into 
summer, supplies these streams with water which is essentia! f 
irrigation. The maximum stream-flow ordinarily comes in lat 
spring or early summer, when the melting of the mountai it 
snows is most rapid. It is a saying among the Indians of Ari- 
zona that when the last snow disappears from the mounta 
tops, the late summer rains are about to begin. 


SNOWFALL ON THE GREAT PLAINS 


Lying to leeward of the Rocky Mountains, and being far 
from any considerable source of water vapor, the plains inev-- 
tably have relatively little snowfall. Their total annual precip!- 
tation is less than 20 inches, and most of this falls in summer. 
Thus winter is a dry season, and the snowfall which it brings is 
light. Even in the extreme north, where the winters are very 
cold and practically all the precipitation of the five or six colder 
months is in the form of snow, the average annual snowfall is 
under 50 inches. The winter storms do not, as a rule, give much 
snow. Even the “blizzards” are not usually accompanied by 
heavy snows. They are dangerous to cattle, and occasionally 
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to human beings, because of the bitter cold of their northerly 
winds, and because these same winds carry fine ice spicules and 
are also filled with blowing snow which makes it difficult or im- 
possible to see. Severe blizzards are, as a matter of fact, not as 
common as most people think. A whole winter sometimes 
passes without a typical blizzard. 

Over the southern plains, owing to the warmer winters, the 
snowfall decreases to less than 10 inches, and even to less than 5 
inches in western Texas and southern New Mexico. The num- 
ber of days with snowfall also decreases, from an average of 40 
or 50 in the north to 5 or 10 in Oklahoma, and to less than 5 in 
extreme southwestern Texas. 

It is a characteristic of the snowfall over the northern plains 
that most of it falls at temperatures well below freezing. For 
this reason it is light and dry, and is easily carried by the strong 
winds, which blow it into ravines and other depressions, leaving 
the ranges for the most part bare and accessible for grazing. 
In the south, the snow soon melts under the warm sun. 

Over the mountains which border or interrupt the plains, it 
snows more frequently and during a longer season. The melt- 
ing of these deeper snows furnishes much of the water which is 
used for irrigation along the rivers flowing to the eastward 


towards the Mississippi. 


SNOWFALL OF THE EASTERN UNITED STATES 


In the eastern half of the country, the dominant control over 
snowfall is latitude, as is evidenced by the general east and west 
trend of the lines of equal depth of snow on the map. Subordi- 
nate, but nevertheless important controls are found in the 
effects of topography (Appalachians, Adirondacks, White Mts. 
of New Hampshire) ; of the frequency of cold, damp storm 
winds (Great Lakes and northeastern sections), and of the 
warm waters of the Gulf Stream (southern Atlantic coast). 
The depth of snow decreases to the west of the lakes because 
winter is there a relatively dry season, and to the south because 
of the higher temperatures. A detailed study of the snowfall of 
the eastern United States has been made by Dr. Charles F. 
Brooks.** This shows clearly the local modifications which re- 

** Charles F. Brooks, “The Snowfall of the Eastern United States,” 
Mo. Wea. Rev., Vol. 43, 1915, pp. 2-11. Includes original charts showing 
the average depths of snowfall by months, from September to May; the 
average annual snowfall (1895-1913) ; the average annual number of days 
with snowfall; the mean annual, maximum and minimum annual, and ex- 
treme annual range of snowfall about the Great Lakes, for the period 


1895-1910; also monthly charts showing the directions of the snow-bear- 
ing winds. 
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sult from the topography and from exposure to damp winds. 
More snow is seen to fall on the western than on the eastern 
slopes of the Appalachians, except in Vermont. 

Over the northern tier of states in the eastern half of th 
country snow is a factor of considerable economic importance. 
especially over northeastern sections where the depths ar 
greatest. Sleighing is often possible for weeks at a time j 
winters of abundant snowfall, the depth of snow on the ground 
reaching two or three feet in certain sections. Such snows 
greatly facilitate the lumbering industry by making it possib): 
to use heavy sledges for hauling the logs out of the forests 
“Open winters,” on the other hand, make lumbering difficul 
and expensive. Warm winter rains are especially character- 
istic of the Atlantic coast sections and naturally occur with in- 
creasing frequency toward the south, quickly melting any snow 
which happens to be lying on the ground. In the spring months, 
heavy rains of this type, or unseasonably high temperatures un- 
accompanied by rains, not infrequently cause a very rapid melt- 
ing of the deeper snows lying in the mountains, and produc 
freshets and floods in the Ohio and other river systems of th 
northeast. 

The season of snowfall over northern sections is a long one. 
Snow in measurable amounts may fall as early as October, or 
even in September in the White Mountains of New Hampshire 
and in the Adirondacks, and as late as May. Indeed, snow- 
storms of considerable intensity have occurred in April, but th 
heaviest snowfalls usually come in February, or at times earl) 
in March. The general snow-cover advances as a whole from 
north to south with the advance of winter, very irregularly and 
often with many retrogressions as well, its southern. margin 
being uneven and broken under the control of varying condi 
tions of topography, storm control and temperature. It usuall) 
reaches its southermost limits in January or in February, and 
then retreats northward again. This seasonal advance and re- 
treat, with its many irregularities, can be studied to advantag 
on the Ice and Snow Bulletins of the Weather Bureau. 

Towards the south, as latitudes of milder winters aré 
reached, the season during which snow may fall becomes shorter 
and shorter. Less and less of the precipitation of the colder 
months falls as snow, and more and more comes in the form of 
snow and rain mixed, and then of rain. The number of days 
with snowfall decreases. Thus, while days with snowfall aver- 
age over fifty a year over most of the Lake region and St. Law- 
rence Valley, including northern New England, there is an 
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average of only one day with snowfall along a line reaching from 
southeastern North Carolina to south of Vicksburg, Miss. (fif- 
teen years). The mountainous section of all the southern states 
which are crossed by the Appalachians have more days with 
snowfall, and more snow than the surrounding lowlands and 
vallevs. There are, for example, fifty days with snowfall a year 
as far south as Elkins, W. Va., but the accumulation of snow is 
not sufficiently great to be a factor in causing dangerous spring 
floods as is the case farther north. With decreasing latitude, 
snow lies on the ground less and less of the time, and soon be- 
comes an almost, and then an entirely, negligible factor. When 
it falls over much of the South, it is merely a matter of tempor- 
ary discomfort, melting soon. Southern South Carolina is prac- 
tically exempt from snowfall. In Georgia, snow, when it falls, 
melts almost immediately, although it may remain on the 
ground a few days in sheltered places in northern sections of the 
state. It is not an uncommon occurrence for a season to pass 
without snow enough to cover the ground over the northern 
portions of the northern gulf coast states. Farther inland, as, 
e. g., in Tennessee, the ground is rarely covered more than a 
very few days at a time, but unusually heavy snowstorms, at 
long intervals, may result in a snow-cover which lasts a week, or 
even more. 

Over the sections immediately adjacent to the Gulf of 
Mexico, snow becomes practically negligible. Occasionally, at 
long intervals, there are measurable amounts in northern and 
even central Florida. The gulf sections of Alabama, Mississippi 
and Louisiana have a 15-year average of less than one inch, and 
an average of less than 1 day with snowfall annually. Years 
may go by without any snow along the Texas coast and in the 
lower Rio Grande Valley. Much interest attaches to the occa- 
sional occurrence of unusual snowfalls in the south. During 
spells of exceptional cold, snow may fall to the depth of a good 
many inches at various localities along the southern Atlantic 
and Gulf coasts, and with diminishing depth even as far as ex- 
treme southeastern Texas. On such occasions, thousands of 
people witness their first snowstorm. 


SLEET AND ICE STORMS 


Sleet and ice storms are 30 closely associated with snow- 
storms in the eastern United States that it is often difficult to 
forecast snow because a storm of sleet or ice may occur instead. 
According to the present Weather Bureau definition, sleet is 
precipitation that occurs in the form of frozen or partly frozen 
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rain. It is formed by rain falling through a relatively warm 
stratum into or through another stratum which is cold enough 
to freeze some or all of the rain drops. When, under these gen- 
eral conditions, rain drops fall to the earth’s surface and freeze 
on coming in contact with solid objects on that surface, an ice- 
storm results. Telegraph, telephone and trolley wires, trees. 
sidewalks and streets are then covered with an icy coating. 
Service is thus often interrupted because of broken wires. and 
transportation becomes difficult or dangerous by reason of 
slippery rails and streets. Considerable damage is often don 
to forest and fruit trees by suchice-storms. Mr. Verne Rhoades. 
of the U. S. Forest Service, has called attention to the wide- 
spread damage caused by a single ice-storm in the southern 
Appalachians,** and Mr. W. W. Ashe, Forest Inspector of the 
Forest Service, has pointed out that the damage done by these 
storms is such that the dates of past ice-storms may be deter- 
mined by an examination of the trees. In the case of trees 
damaged by a recent ice-storm along the Blue Ridge Mts., in 
Amherst Co., Va., evidence was found of injury by two previ- 
ous storms, about 14 and 35 years, respectively, before the 
last one.’*’ Professor H. C. Frankenfield, of the Weather 
Bureau, has recently made a study of sleet and ice storms in 
the United States.** 

The region of maximum frequency is over a broad central! 
belt reaching from west of the Mississippi eastward and north- 
eastward to the Atlantic. This is, in general, the portion of the 
country which is crossed by the principal storm areas, with 
their cold northerly winds to the north and warm southerly 
winds on the south of their centers. These conditions are essen- 
tial to sleet formation. Severe sleet storms may occur from 
November to March, inclusive, and occasionally in Apri] and 
October to the north of the 42d parallel. It appears that steep 
northward temperature gradients, and high temperatures over 
the Gulf and South Atlantic States are necessary for sleet 
formation, and are usually absent before and during heavy 
snows. Surface temperatures preceding sleet and ice storms 
are below freezing, usually between 22° and 28°, and the high 


16 Verne Rhoades, “Ice Storms in the Southern Appalachians,” Mo. 


Wea. Rev., Vol. 46, 1918, pp. 373-374. 

18 H. C. Frankenfield, “ Sleet and Ice Storms in the United States,” 
Proc. 2d Pan. Amer. Sci. Congr., Vol. 2, Section 2; Astronomy, Meteorol- 
ogy, and Seismology, pp. 249-257 (discussion, pp. 252-257). 
D. C., 1917. (Gives a map showing the average annual frequency of sleet 
and ice storms, and typical weather maps favorable for their occurrence.) 


17 Ibid. 


Washington, 
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temperatures in the south which precede the sleet are accom- 
panied by southeasterly to southerly winds. 

The ice-storms of New England have been discussed in some 
detail by Brooks,*® who has based his study chiefly on the very 
complete records obtained at Blue Hill Observatory, Mass., and 
has included a consideration of upper-air conditions. Three 
general types of wind conditions produce ice-storms. These 
are (1) warm air arriving over residual cold air (“ southerly” 
type); (2) cold air coming in below and warm air arriving 
above (“northeasterly” type); (3) cold air pushing in from 
the north or west below a rain cloud (“northwesterly ” type). 
Classifying ice-storms according to the positions and move- 
ments of the low and high pressure conditions (cyclones and 
anticyclones) which produced them, there are seen to be two 
large groups. The first includes storms with anticyclones in the 
north dominating southern cyclones, and the second includes 
those in which the cyclones and anticyclones were in regular 
sequence. 

Is SNOWFALL DECREASING? 


There is a widespread popular belief in many parts of the 
country, especially in the earlier settled sections of the north- 
east, that less snow falls now than was the case years ago. In 
New England, for example, it is customary to speak of the “ old- 
fashioned New England winters” which brought many heavy 
snowstorms; when snow lay on the ground uninterruptedly all 
winter, and when sleighing was possible for three or four 
months without a break. In a question of this kind it is, of 
course, impossible, to put any confidence in general impressions 
or in tradition. It is a mistake to place absolute trust in our 
memories, and attempt to judge such subtle things as differ- 
ences in snowfall on the basis of such memories, which are at 
best short, defective, and in the highest degree untrustworthy. 
The tendency inevitably is to exaggerate past events; to remem- 
ber a few exceptional seasons which, for one reason or another, 
made a deep impression on us, and very much to overrate some 
special event. Individual severe winters which, as they occur, 
are some years apart, seem, when looked back upon from a dis- 
tance of several years later, to have been close together. It is 
much as in the case of the telegraph poles along a railroad track. 
When we are near the individual poles, they seem fairly far 

Charles F. Brooks, “The Ice Storms of New England,” Annals 
Astron. Obsy. Harv. Coll., Vol. 73, Pt. 1, 4to, Cambridge, Mass., 1914, pp. 
8, pls. 2 (Abstract in Mo. Wea. Rev., Vol. 42, 1914, pp. 455-457); “ Three 
Ice Storms,” Science, Aug. 8, 1913, pp. 193-194. 
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apart, but when we look down the track, the poles seem to stand 
close together. The difference in the impressions upon youth- 
ful and adult minds may account for part of this popular belief 
in changes of climate. To a youthful mind a heavy snowstorm 
is a memorable thing. It makes a deep impression, which lasts 
long and which, in later years, when snowstorms are just as 
heavy, seems to dwarf the recent storms in comparison with 
the older. 

Changes of residence may account for some of the prevail- 
ing ideas about changes of climate. One who was brought up 
as a child in the country, where snow drifts deep and where 
roads are not quickly broken out, and who later removes to a 
city, where the temperatures are slightly higher, where the 
houses are warmer, and where the snow is quickly removed 
from the streets, naturally thinks that the winters are milder 
or less snowy than when he was a child. 

The only reliable evidence is that which rests upon instru- 
mental records. Accurate instruments, properly exposed and 
carefully read, do not lie; do not forget; are not prejudiced. 
When such instrumental records, scattered though they are, 
and difficult as it is to draw general conclusions from them, are 
carefully examined, from the time when they were first kept in 
this country, which in a few cases goes back a century or more, 
there is found no evidence of any progressive change in the 
amount of snowfall. Some winters now bring deeper snows 
and greater cold, while others are mild and “open.” Thess 
variations result from differences in the numbers, intensity 
and paths of winter storms, as is clearly seen by a study of the 
daily weather maps. This same sort of variability was char- 
acteristic of the past, and will continue forever. In other 
words, a mild winter with light snowfall is just as “old- 
fashioned ” as one with severe cold and heavy snowfall. There 
were plenty of both kinds of winters in the past. There will be 
plenty of both kinds in the future. 

In his “Climatology of the United States,” which was 4 
standard publication in its day (1857), Lorin Blodget, in 4 
chapter on the “Permanence of the Principal Conditions of 
Climate,” speaking of the evidence for and against climatic 
change, held that “real history would be more valuable than 
anything else if it could be relied on, but there is great looseness 
with much exaggeration in everything dating back beyond the 
use of instruments.” Blodget believed that “the Northmen 
found the New England coast 860 years ago quite precisely the 
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same in climate as now—wild vines growing in a very few of 
the most favored spots, and only in these.” 

Dr. Hugh Williamson is quoted as saying, in 1770, that the 
winters of the last half-century had been milder than formerly, 
and Professor Samuel Williams, of Harvard College, whose lec- 
tures were among the foundation-stones of American meteorol- 
ogy, asserted that “the winter is less severe, cold weather does 
not come on so soon.” These views sound singularly like those 
which are heard expressed nowadays. It so happens that the 
early settlers of New England made a special point of keeping 
a chronicle of weather conditions, so that we have a record of 
the character of the seasons running back over three centuries. 
When these old accounts are examined, it at once becomes ap- 
parent that New England had precisely the same variability in 
its winters in the earlier days of its settlement as now. There 
are accounts of great cold; of deep snows; of violent winter 
storms. There are also many descriptions of very mild and 
open winters. Thus, we read of December and January resem- 
bling May and June; of flowers growing in the woods in mid- 
winter; of so little snowfall “as scarcely to give opportunity 
for enjoying the music of the sleigh-bells”’; of “ green Christ- 
mases ”; of “ winter turned into summer”; of the “ ground bare 
for the most part”’; of little ice; of crocuses up, of wild violets 
in bloom, and of lilacs “throwing out their leaves” in January. 

It has been well pointed out that if a list were compiled of 
heavy snowstorms, of droughts, of floods, of severe cold, of mild 
winters, of heavy rains, and of other similar meteorological 
phenomena, for one of the early-settled portions of the United 
States, beginning with the date of the first white settlements 
and extending down to the present day, we should have the fol- 
lowing situation. Dividing this list into halves, each division 
containing the same number of years, it would be found, speak- 
ing in general terms, that for every mild winter in the first half 
there would be a mild winter in the second; for every long-con- 
tinued drought in the first division there would be a similar 
drought in the second; for every “ old-fashioned” winter in the 
first group there would be an “old-fashioned” winter in the 
second. And so on, through the list. In other words, weather 
and climate have not changed from the time of the landing of 
the Pilgrims down to the present day. 
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THE ORIGINS OF CIVILIZATION—II 


By Professor JAMES HENRY BREASTED 


THE UNIVERSITY OF CHICAGO 


HE evidence for the possession of domestic animals is not as 
old as that for agriculture. The bodies from the earlie: 


but there is no way to prove that these necessarily smal! frag- 
ments belonged to domesticated mammals. Nevertheless. { 
results of long continued selective breeding demonstrate th 
remote origin of domestic animals in the Nile valley. At th 
same time the monuments reveal the Egyptians as persistent): 
practising domestication far down in the historic age. 

Pre-dynastic reliefs (Fig. 24)to be dated not later than ¢! 
middle of the fourth millennium B.c., already show us three o 
the commonest domestic animals, the donkey, sheep and cattk 
The domesticated donkey of Egypt was long ago demonstrat: 
by Schweinfurth and others to have had its original home i: 
northeast Africa and to have been domesticated on the Nile 
Its wild ancestor, Asinus tzniopus, or the steppe ass, is s! 
found as far north as the mountains of southern Nubia." 

The sheep shown in this carving still display primitive char 
acteristics, carried over into the domesticated state, e. g., stand- 
ing ears and a mane, and the female with horns, which she later 
lost. They have been identified as Ovis longipes palxoxgyptii 
by Duerst and Gaillard. Their nearest relatives, as both thes 
two scientists admit, are still scattered over north arid north- 
east Africa to-day. It is the more remarkable that these tw 
paleontologists would draw this sheep from Asia. Lortet, 01 
the basis of far more material, states that this sheep (0 
longipes pal.) with transverse horns, spirally twisted, has s 
many and so widely distributed relatives in north Africa, that 
he must be considered as indigenous there.*® 

Regarding the large cattle shown here the paleontologists 
have differed widely, with perhaps a majority maintaining his 
Asiatic origin, due to the fact that they were unable to find an 
unmistakable wild ancestor in Africa. His alleged Asiat! 
origin has been commonly asserted in popular books, coupled 
with such a remote date for his domestication, and his intro- 

18 Schweinfurth, Zeitschr. f. Ethn., 44, 1912, pp. 653-654. 

19 Lortet-Gaillard, “La Faune Momifiée de l’ancienne Egypte,” Lyons, 
1905, p. 100. 
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duction into Egypt by some mysterious and unidentifiable im- 


migrants alleged to have brought in Egyptian civilization from 


Asia, that we now find a widely circulating popular statement 
to the effect that the Asiatic origin of Egyptian domestic ani 
mals has demonstrated the Asiatic origin of Egyptian civili- 
zation. 

Both the monuments and the still largely unexplored Pleis- 
tocene strata of Egypt contain much evidence on this question 











It quickly disposes of the Asiatic origin of these long-horned 
cattle. Much inscriptional evidence has shown that the Egyp- 
tians practised the hunting of wild cattle, but a relief in Beni- 
hasan which shows these cattle as spotted has led to the conclu 
sion that such alleged wild cattle were really domestic breeds 
which had escaped from captivity and were running wild. The 
discovery of a relief of the Pyramid Age showing a hunting 
enclosure (Fig. 25) filled with game to be brought down by 
the royal arrows, has effectually disposed of this conclusion. 
Among the game entrapped in the enclosure we find a cow, a 
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calf and a bull, all of a red brown color with a lighter sad 
These are unquestionably long-horned wild cattle, identified 
Hilzheimer as Bos africanus. Pleistocene wild cattle have b 
proven to have existed in Algiers, and this evidence is 1 
supplemented by the discovery of the fragment of a head 
Bos primigenius in the Nile valley, in the Pleistocene deposits 
of the Fayum. The presence of the Urus thus demonstrated 
Egypt has led Hilzheimer to recognize the wild cattle in 
hunting scene also as the Bos primigenius. In any case it 
totally gratuitous to identify any longer the long-horned catt!: 
of Egypt with an Asiatic species. 

It is very instructive in this connection to notice that 
Egyptian continued his efforts at domestication on a wide rang 
of wild creatures, far down into the historic epoch. In 
scene under discussion (Fig. 25), dating from the middle of 
twenty-eighth century B.C., we see the enclosure, which 
been well said to be of itself a long step toward domesticat 
Here have been caught the deer, the gazelle, the oryx, 
addax, and two varieties of goat. Of the leading Egypt 
antilopes only the ibex is lacking. The practice of captur 
these animals in an enclosure evidently very early showed 
Egyptian that he might in this way maintain a store of meat 
the hoof from which he could conveniently draw at wil 
this way, for example, the Tschuktchi of northeast Asia ! 
tain herds of half-domesticated reindeer, which they en 
only as sources of flesh and skin clothing. These wild creat 
taken out of such enclosures alive were then stall-fed an 
tially if not wholly domesticated. We see them in th 
reliefs between 3000 and 2500 B.c. (e. g., Fig. 26), alons 
the long-horned Bos africanus, tied to their mangers an 
ing. Here are the goat (Hircus mambrinus), the gazelle 
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ella dorcas), the addax (Addaw« nasomaculata), the 
(Oryx leucoryx) and remarkably enough, the hvena (H 
iata). 

The inscriptions confirm these relief pictures very conclu- 
sively. A mortuary text of the Middle Kingdom (around 2000 
p.c.) mentions “ibexes which eat grain.” Similarly alread) 
in the twenty-seventh century B.C., the tomb of Kegemni men- 
tions “stables of the plateau antilopes”’ (Fig. 27). There were 
thus “stables” for these creatures, parallel with the stables for 
the large cattle, and designated by the same word. It is of 
course a scene from one of these stables which shows these 
animals eating at their mangers (Fig. 26). 

These animals therefore formed a staple source of the food 
supply and we find them in process of being slaughtered for 
food, precisely as is done with the large cattle ( Fig. 28). Hence 
at an inspection of the cattle of an estate, these creatures which 
we have never thought of as domesticated, duly appear together 
with the long-horn cattle familiar to us as domestic animals 
(Fig. 29). 
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In the same way, after domesticating varieties of the ¢ 
and duck, the Egyptians captured a varied list of wild 
which they wholly or partially domesticated, although this 
did not include our barnyard fowl, which was introduced 
west from India from the seventh century B.c. onward. 
be seen, then, how widely extended and inclusive was th 
of the Egyptians at domestication. They were still conti) 
the task in historic times, and it went on throughout th« 


| [ \ 


{ 


millennium, if not much later. 
It is evident from the conditions among their domestic cat' 


furthermore, that they had long been engaged in the process 
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breeding. For not only had they early developed a short-hor 


the 


variety out of the long-horn, which was not identical with 
Asiatic short-horn (Bos brachyceros), but at the same 

they also bred a hornless variety of cattle (Fig. 30) (P 
akeratos). The actual skulls of this hornless breed have su! 
vived (Fig. 31). 

A series examined by Lortet led him, like Duerst, to co! 
clude that this hornless breed of cattle was the result of | 
and persistent selective breeding, very intelligently carried 0! 
In this case we would have here a situation like that which 
found in the case of the domesticated grains. Wheat with ag 
of selective cultivation behind it, has been found in the ear 
known graves in the world. Similarly the oldest domesti 
herds known to modern science, that is the oldest cattle 11 
world, would, according to Lortet and Duerst, already in: 

a hornless breed produced by long-continued selective propag 
tion. 
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On the other hand Professor Charles B. Davenport, directo: 
f the Department of Experimental Evolution of the Carnegi: 
Institution, has kindly informed me that “ hornlessness in catth 
has probably arisen many times as a sport or mutation,” and 
night then be continued and perpetuated by selective breeding 
He concludes that the hornless breed of ancient Egypt aros: 


and was continued in this way. In either case intelligent] 
practised cattle-breeding on the part of the Nile dwellers at 


very early date is evident. 

We can understand therefore, that the production of milk- 
producing cattle was the result of long-continued and intelli- 
gently directed selective breeding, already completed by 3000 
B.c. That the milk breed had not yet become wholly accus- 
tomed to the artificial abstraction of milk by the hand of mai 
is evident from the fact that in practically all such dairy scenes, 
the hind legs of the cow have been elaborately tied (Fig. 32). 
It is perhaps of importance to note also that the calf is kept in 
the vicinity, and its eagerness for maternal food is restrained 
by another herdsman while the milking process goes on. 

It is thus evident that conditions both in agriculture and 
cattle breeding in the Nile valley at the earliest stage when 
they are observable by us, point clearly back to a long antece- 
dent development, beginning far away in the remote ages when 
the Nile dwellers lived on the lower alluvium, where the re- 
mains of their life are still buried. 

The domestication of cattle, like that of donkeys, reacted 
powerfully on agriculture, as it was gradually discerned that 
the hoe might be replaced by the ox-drawn plow. Nothing 
shows more clearly the evolution of Egyptian civilization as a 
Nile valley process, than the unnoticed fact that the plow drawn 
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by oxen is simply the old prehistoric wooden hoe equipped w 
necessary modifications. The primitive form of the Egyptia 
plow is twice shown in the right-hand column of hieroglyphs 
the plowing scene in Fig. 33. Now it can be demonstrated t] 
Egvptian writing has preserved for us pictures of primi! 
and archaic forms of every day implements, which sur\ 


thus in the writing long after they had been displaced by 


proved forms and hence had ceased to be used in rea 
Thus the inscription behind the plowman (Fig. 33) twic 
plays for us a tiny picture of a form of plow enormousl\ 
than the one here shown in actual use. It will be seen that t 
beam of the plow (in the inscription) is very short, and t! 
the handles are almost too small for use. Indeed this o 
form of the Egyptian plow is little more than the hoe out 


which it has developed. 

The wooden hoe of the Egyptian peasant (Fig. 34) 
made up of two pieces: one, the handle, abnormally short; 
other, the blade, disproportionately long. With the except 
the tiny handles shown in the archaic plow just examin 
the writing, this hoe is identical with the plow. 

An old Egyptian drawing of a plow of about 2000 B.c. 
34) exhibits clearly the origin of the implement. The h: 
(of the hoe) has been lengthened to become the beam | 
plow) while the handles for the plowman’s use have bee! 
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larily attached at the point of junct 
plow-share. The builder really constru 
th somewhat elongated handle as plow beam, a 
ard attached the plow handles, which do 
am or the plowshare, as they would do 
nstruction with them. 
These facts make it certain that the e\ 
e from hoe culture took place the N 
here tracing in the gradually developi 
fe, a process which bears the stamp ot 
nmistakably Nilotic throughout its course. 
Here then, so far as we can see, for t] 
areer of man, and at only one point in fri 
fe which encircled the whole Mediterranean, there 
ts southeast corner (Fig. 2) far back in the fifth 
fore Christ, a community of Stone Age men who had g¢g 
ally shifted from the hunting life to that of herdsmen 
shepherds, plowmen and cultivators of the soil. Whilk 
have required over six thousand acres to support a hunter ; 
his family, a very few acres would maintain the grain-raising, 


I 
attle-raising Stone Age family, and the population must hav: 


greatly increased in numbers and in density. Such a body of 
population following the agricultural and cattle-breeding life at 
the southeast corner of the Mediterranean must inevitably have 
exerted an influence on surrounding populations. Such a dit 
fusion as that which carried Central American culture traits 
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northward and southward until they penetrated far across 
North and South America must inevitably have taken 
As to Europe this diffusion was all the easier, becaus 
elevation of the land which made England a part of th« 
boring continent, and joined Europe likewise to the mai: 
of Africa through Italy and Spain—this elevation continu 
down into the Neolithic Age, and these land bridges must 
been available long after the advances of Egypt just dis 
were accomplished (Fig. 2). The same road by which th 
African mammals migrated from Africa to Europe was uw: 
tionably still open when the Nile dwellers first began t 
vate fields of grain and breed herds of cattle. It is no a 
that the earliest grains of the Swiss Lake Dwellers were ba 
emmer and millet, just as in the Nile valley. We have o: 
look at the dissemination of maize culture in North An 
from a Central American center to see how easy and ine) 
such dispersion is. Moreover, we can actually trace catt!: 
some distance on the road from Egypt to Europe. 

As far back as the middle of the fourth millennium B. 
Libyans are shown by the Egyptian monuments to hav 
sessed domesticated cattle, sheep and asses (Fig. 24). 8 
livestock plunder captured by the Egyptians from the Lib 
is found in later reliefs also (Fig. 35), which show us 
cattle, donkeys, sheep and goats in the possession of a 
whose territory stretched far westward along the nort! 
coast of Africa toward Tunis and the region opposite It 
Thus in remote prehistoric times, Stone Age Europe so | 
tarded by the ice and cold, began to profit by the progress 
more favored and hence more advanced region at the sout! 
corner of the Mediterranean. The Neolithic peoples of-s 
and central Europe were thus able to make the transition 
the hunting life, to that of settled communities following as 
culture and cattle-breeding. This Neolithic life of Europe, | 
served to us especially in the Lake Villages of Switzerlan 
the terramare settlements of the Po valley, was unabl 
vance by itself to the conquest of metal and the invent 
writing, and thus to gain civilization. While interesting 
of minor importance for the theme of these lectures. En 
dependent upon the eastern Mediterranean, this Neolit! 
ture of the West never swung into the current of civili 
until after Greek and Pheenician colonization, and final]) 
conquest gradually civilized it. Its chief importance 
theme is its illustration of the earliest great contributi: 
Orient to Europe, as cattle and domesticated grain fou 


T) 
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across the Mediterranean. 

in the long continued westward drift 
nd suggested later in Fig. 154. 
It now seems to be exceedingly probal 


-ated fact also, that the south and west 
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ties who inaugurated the Neolithic culture of Europe, were 
the same race as the prehistoric peoples on the south side of the 


‘ 
0) 


Mediterranean, or at least as these Egyptians whom we find in 
the earliest cemeteries. Giving all due consideration to the 
wide divergence of opinion among the physical anthropologists, 
It would seem that the studies of Elliot Smith among the largest 
series of prehistoric Egyptian bodies yet investigated, have 
demonstrated clearly the identity or close aflinity between these 
prehistoric Egyptians and the south Europeans of the great 
peninsulas, called by Sergi the Mediterranean race. As Smith 
has shown in a restoration of a profile from an early pre- 


dynastic skull (Fig. 36), and as we see also in a late pre- 
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dynastic statuette, the prehistoric Egyptians were a ! 
headed, long-faced, dark-haired, and almost certain! 
eved race. They were rather low in stature (the men 
under 5 feet 5 inches; the women almost 5 feet), 

were of slender build. They were not negro or negr 
their kin are to be found in Europe, rather than in Atri 
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It must have been after a very long career as a se 
iral and cattle-raising people, that these 
e alluvium discovered and began to use ms 


tion of 


We can therefore 


awellers 


«cll. 
mestication of grain and cattle, the introdu Was 
vy earlier than the dawn of civilization. 


idl 
metal as we cannot 


race the incoming of 
riculture and cattle-breeding. 
ries (Fig. 22) disclose to us not merely cu 

For in the very 


The graves of 


ymestic cattle, but also metal. 


edynastic graves we find copper needles with th 


wed by bending the butt around in a hook-eve 
‘opper beads and bracelets also show that the earliest 
the metal was chiefly for ornaments. These needles ars 


arliest implements of metal smelted and wrought b 
the metal back 


man; 


hev carry this primitive and limited use of 
B.C., that is back of 4000 B.c. Man 


>. 


the fifth millennium 
began to smelt and use metal about six thousand vears ag 
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Gradually the Nile-dwellers learned that the meta] 
they were using for ornaments might be made into tools 
weapons, giving them a new power over men and nature. 
tools and weapons like these (Fig. 38), which appear 
late pre-dynastic graves by the middle of the fourth mille) 
B.C., When all the world was elsewhere using only stone i} 


ments and weapons, the life of man entered upon a new 
and at the southeastern corner of the Mediterranean a m: 
ically gifted people began to respond rapidly to the possess 
of this new source of power. This response of an inge) 


people to the possession of metal culminated in the emerg: 
ot a united nation, the first great social and administrat 
structure erected by man, whose organized capacity was, 
a millennium later, to be expressed in monumental form i! 
pyramids of Gizeh. 

The process of political unification which went on an 
the prehistoric petty kingdoms and chieftaincies distribut 
along the Nile, is only dimly discernible in the scanty mor 
ments surviving from this remote age. We see these ea 
leaders bearing pointed metal weapons in the hunt, for 
Nile-dwellers continued their old hunting habits for thousand 
of years after the rise of civilization. Monuments from 
middle of the fourth millennium show us the Nile chieftai 
still following the chase (Fig. 39). But even such a document 
as this hunting scene (Fig. 39) also clearly discloses somethi! 
of the vast social and governmental progress made b\ 
earliest men, a progress which had carried them awa) 
reliance on the chase, toward the possession of a stabi 
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supply available to large communities abiding in fixed dwellin; 
places. These hunting chieftains carry standards on which 
are mounted symbols signifying political divisions 
such symbols known. We recognize in them prehistoric 
some of which are well known to us in later hieroglyp! 
hus the fifth hunter in the upper line carries a symbol mean- 


the earliest 
forms 


lic signs 
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ing “the East” in the hieroglyphic of half a millenniun 
tach hunter also wears attached to his girdle behind. the | 
a wild animal—a symbol retained in historic times on], 
Pharaoh. 


One of the most powerful influences toward unity and: 
ized development in a rainless climate like that of Egypt 
the necessity of creating an ever more complicated irri, 
system. To maintain such a system, to keep each of its 
canals free from obstruction, and to control the sup) 


water, required the cooperation of large groups of com 
ties, created a consciousness of community of interest 
willingness to submit to a central authority in contro] 
whole. One of the ancient prehistoric rulers shown in Fix 
beside a canal wielding an archaic wooden hoe, is evicd 
engaged in ceremonially digging up the earth, for whic} 
attendant holds a basket. Such a ceremonial act may 
have marked the beginning or dedication of some irrigat 
canal. Thus the possession of grain fields, and the maint 
of herds which must be pastured, bound great groups o! 
munities to a common system for the support of the 
which could never have grown up among the hunting chieft 
of earlier days. 

By the middle of the forty-third century B.c., this syst 
had brought forth a calendar of twelve thirty-day months, 
five feast days at the end of the year. This is the cal 
which has descended to us through the Romans, thoug! 
should be observed that the Egyptian rulers were far too | 
tical to make a calendar which would oblige their pe 
learn a verse of poetry in order to find out how many days | 
were in a given month. 

(To be cont 
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THE MEANING FOR HUMANITY OF THE 
AERIAL CROSSING OF THE OCEAN 
By Dr. GEORGE de BOTHEZAT 


AERODYNAMICAL EXPERT, NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


rwxHE recent great achievements of the American and British 
| aircrafts show in a striking manner that we are on the 


eve of the establishment of regular transoceanic aerial voyages. 
How many centuries, first of audacious dreams, afterwards of 


daring efforts, were necessary, before this magnificent and 


powerful realization! 

Transoceanic aerial flight is such a powerful factor in 
humanity’s progress and evolution that I fear the language 
used to-day by human beings is scarcely adequate to describe the 
magnificent destiny it will produce. This is why I ask indul- 
gence for the audacity of this attempt to analyze the significance 
of this majestic achievement. 

In the aurora of the centuries taken for the blossoming of 
humanity on our sorrowful planet, the evolution of man started 
very slowly. Left to himself, with only his physical forces to 
lead him towards an unknown destiny, of whose greatness, how 
ever, he had an unconscious feeling, man would have succumbed 
under the superiority of innumerable adversaries and adversi- 
ties, if it had not been for the gleam of consciousness that was 
smouldering within him. It isthe omnipotence of this conscious- 
ness that has subdued the universe to man and has made 
him its uncontested master. It is this consciousness that caused 
the majestic process of biological evolution to take a new form. 
The adaptation of the species to outside conditions was trans- 
formed into the adaptation of outside conditions to the species, 
and it is this modification of the biological path that marks the 
origin of humanity. 

The first steps were exceedingly slow and laborious. The 
first conquests of prehistoric civilization stretch over an im- 
mensity of time. But the different halting-places of history are 
marked by a rate of progress more and more accelerated. It is 
sufficient to open our eyes simply on our modern world to be 
amazed by the rapid march of civilization. If, now, through all 
past time, up to our present days, we contemplate this rapidly 
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accelerating rate of progress, one primordial factor will appear, 
which is the soul itself of this accelerated ascent towards a 
destiny more and more luminous. It is the intensification ; 
relations between men established by ways of communicai 

As soon as the sedentary state of peoples began to s 
the nomad state, the necessity of routes and their enormous uti! 
ity were instinctively felt; and animal locomotion, whose or 
disappears in the night of time, brought even in antiquit) 
art of route building to a high degree of perfection. The gr 
civilizations of the ancient world were already celebrat: 
their marvelous roads and maritime routes. Babylonia, Car- 
thage, Greece and the Roman Empire developed majestic r 
which excite our admiration; and the traces of some of 
still remain. In the civilizations that followed these epochs, 
the Middle Ages and the Renaissance, it is easy to note that t 
march of progress is intimately connected with the develo; 
of ways of communication. This fact is generally expressed 
speaking of the influence of voyages, of the relations betw: 
peoples and the discoveries of new ways and routes. The influ- 
ence of the technical perfection of the ways of communicatio: 
is to be seen in a particularly striking manner in the century 
steam, marked by such a distinctly powerful progress. 

It is impossible to note in a short sketch all the ways 
which methods of communication influenced the evolution 
humanity. An enormous work could be written on this subj: 
The essential facts are that almost all human activity on 
planet consists in “displacement,” and the more easily this dis 
placement is made the more the life of man is extended, and t 
more powerful it becomes. Our life is built up from motion; | 
open new routes is to hasten and strengthen its development. 

One great factor dominates the whole problem of ways 
communication. It is “speed.” { It is not sufficient to ha’ 
routes running in all directions and covering great distanc 
it is all-important for the actual motion to be as rapid as pos- 
sible.' The great influence of speed in the social organization 
human activity is not always recognized sufficiently.\ For e 
ample, one can mention the fact that Napoleon in the last years 
of his power expressed some doubts as to the value of Stephen- 
son’s railroads. We must not be astonished if the entire extent 
of the influence of the speed factor is not realized by all, pro! 
ably because it is too vast in its majesty and power. But som 
of us have within ourselves a feeling, more powerful! tha: 
conscious reason, which instinctively tells us what speed is. DV 
you know what speed intoxication is? Happy are those wh 
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feel it without having to understand it. It is the powerful voice 
of the innate forces of progress speaking in them. It is t 
intuition of the future all-inclusive power of humanity, of 

as an echo of destiny, they have the sweet enjoyment. Do you 
remember the glorious Greek warrior who immolated himself 


to the speed god, bringing to his fellow-citizens the great news 
of the Marathon victory, so that their knowledge of soci u 
ity might be hastened, even by only a few moments? 

of antiquity, by a striking act, has made immortal his 

tion for speed. Great men and great peoples have always pai 
a worthy tribute to speed. A beautiful example is given by tl 
development of the United States, where the social imp 

of the speed factor has been understood from the origi f the 
country, a country which, in the hands of an energetic and 
intrepid people, has been brought to that powerful and 
state which we can but admire. 

Speed of transportation means acceleration of activity, 
crease of the people’s efficiency, and, as a result, economy 
time, with all its enormous consequences. Saving of time 
brings leisure for meditation and personal improvement, which 
are the original sources of all progress. 

Speed of transportation means also increase of human life- 
time, which always was and is one of the most burning desires 
of man, and hence one of his greatest felicities. To live means 
to act, to feel and perceive. It is the amount of the perceptions 
lived that marks the duration of a life-time more than the num 
ber of years elapsed. It is not given to us to increase the dura- 
tion of our lives, but it depends upon us to use our lives better 
and to fill them with more sensations. I am prepared to assert 
that the life of a modern man is effectively longer than the life 
of a man of antiquity, although of the same duration. We have 
now more to live through, although we live no longer. Our 
gathering of sensations is much ampler and much more diversi- 
fied, and they emanate from a much wider horizon. Peter the 
Great, that powerful reformer of Russia, has expressed this 
deeply philosophical idea by the significant words: “ Waste of 
time is death-like.” 

Ask the scientist whether he considers the universe as 
eternal or doomed to an indubitable end, and you will hear him 
say that over the entire universe the sinister shadow of the 
omnipotence of entropy is hovering, and demands an absolute 
end by a complete thermic uniformization. If. n ww, not only 
our personal life, but the course of all humanity is limited, let 
us at least make the best use of the time left to us. Speed is 
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our most powerful ally. Let us use it, develop it, and venerate 
it. It is in infatuation with it that is found the most power 
source of happiness. 

Another important role is also inherent to the speed fact 
One of the great consequences of the establishment of wa 
communication is to bring men and peoples to know one an 
better and consequently to understand each other better a; 
unite their efforts in the great march of social evolution. 
greater the intensification of relations between peoples, 
more rapid is the speed of what can be called the uniform 
tion of humanity.) In past times, geographical obstacles se; 
rated men into different groups called peoples. The conditi 
under which the lives of different peoples were taking p! 
were unlike, and, although all associations of men, by 
nature, progress in the same direction, it is with such dissir 
psychological physiognomies, that, when these different p 
in the process of their evolution were brought together 
could only fight one another to death, each considering 
other as his worst enemy. Men did not recognize man in 
But the evolution of man progressing, and distances being 
quered by ways of communication, the uniformization ot 
manity was growing. It is first the uniformization of 
customs and material living conditions that is estab! 
Afterwards the uniformization of morality and psycho! 
gins to appear. It is self-evident that social uniformizat 
does not at all bring with it the uniformization of individu 
whose personality is fixed by the qualities and talents gi\ 
each man by nature. The great wrong of the Bolsheviki d 
trine’ is that it has completely overlooked the difference | 
tween social uniformization and individual uniformizatio! 
Regardless of what men will think or do, the whole of humanity 
will tend towards social uniformization, but individual uni- 
formization is and always will be a tendency contrary to th 
nature of things and progress. That is why, regardless of the 
development it may reach, Bolshevism is doomed to failure or 
complete reformation. I will not dwell here on the question 
how social organization has to be conceived in agreement with 
the principle of social uniformization; this would carry us too 
far from our main subject. Now this fundamental process 
social uniformization is far from being accomplished on our 
planet. But I would like to believe that the Great War, from 


1 The author of this paper has lived for six months under Bolshevih 
rule and is well acquainted with Bolsheviki doctrine and its pract 


realization. 
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whicl 
The World’s Peace, the universal social union, v 
hle to reign in all its luminous beauty when the process of 


l 


a 


social uniformization shall have reached a certain stage of 
development. The most powerful stimulant to universal social 


uniformization is above all the closeness of international 


nunicat 


tions. 
more will all peoples be, so to speak, neighbors to one a1 

the more will they jostle one another and be able to know anc 
appreciate each other, and the great universal human family 
will rise the more rapidly. The century of steam and electricity 
has already brought the universe to such a state of development 
that we see on the horizon the dawn of a universal league, 
somewhat rachitic, but let us hope still a league of nations. It is 
a wonderful thought indeed, in our epoch of sharp hate and 
underhanded revenge, to see the great country of America, in a 
magnanimous glow in advance of the men and the times, claim- 
ing with its powerful voice the union of people in the League of 
Nations. Universal harmony is the highest ideal of every man 
conscious of his destiny. Let us help those who have not until 
now reached the social height necessary to step over the mar- 
velous threshold of the future kingdom of mutual agreement 
and friendship. 

The life of man goes on surrounded by three 
earth, water and air. Each of these may be used as a way of 
communication. 

On the earth we must trace our routes, and when these are 
once established we must always follow them. Terrestrial 
routes have passed through different well-known stages of 
development and have now reached a high degree of perfection, 
in the sense of speed as well as in weight of material trans- 
ported. But whatever improvements may be realized in terres 
trial routes, the fact will always remain that the roads have to 
be built, and when built they remain limited to their original 
itinerary, and unite only different parts of the same continent. 

Water ways have the advantage over land ones of being 
furnished by nature; and in the immensity of the seas and 
oceans ships and boats are free to follow all directions. But 
the hatreds between men, even here, have created insuperable 
hindrances; some think, for the advantage of the one and the 
harm of the other, but in reality for the disaster of all human- 
ity. Moreover, water ways unite only different parts of differ- 
ent continents, or, by rivers, give only a limited access within 
the continents. 


‘ 


‘elements ” 
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The conquest of the air, the marvelous realization of 
end of the twentieth century, has finally given us the aerial wa 
of communication, the first to be universal. Air routes | 
absolute advantage over earth and sea routes, for instance, i: 
the attainment of greater speed, and the possibility of 1 
at different altitudes. This last factor can never be overest 
mated, on account of the new features it introduces. At | 
there has been acquired by it the possibility of looking on 
planet from a higher standpoint, and many consequences 
great importance will follow from this bird’s vision given 
man’s brains. It has been during long centuries the drea 
humanity to fly over seas and lands, to travel through spac 
rapid flight, following only the will of fancy. But, th 
enthusiasm past, when airplanes and airships began 
their range appeared to be less than the expectations of 
dreamers. Aircraft could fly over earth and seas, but 
oceans still remained obstacles to them. And although we 
the possibility of flight over the ocean, we were unable to r 
ize it. The universality of the air routes still remain 
realized. But the scientific and technical workers and in) 
gators by their indefatigable efforts have brought aircraft 
such a degree of perfection that finally the immensity 
ocean has been overcome. From this moment on, aircraft | 
become really the first universal way of communication. I ca 
not refrain from mentioning here some of the glorious nan 
of those men to whom humanity owes the great technical d 
opment of aviation. 

It was probably the British mathematician Cayley wh 
the first vision of the airplane (1809). It was the Frenc! 
mathematician Penaud who reached such an understanding 
aerodynamical sustentation that he was able to build th: 
airplane model that actually flew (1872). But it was the Ger 
man engineer Lillienthal who first reached the wonderful res 
of making the air really lift him, as he demonstrated in a br 
liant series of gliding flights (1891). It was Langley 
Chanute who, by remarkable experiments, strengthen: 
principles established by Lillienthal. And finally, it was t! 
brothers Wright who succeeded in taking the decisive ste} 
realized that marvelous thing, the airplane (1903). In 
European countries it is to the powerful personality of F' rber 
that we owe the development of aviation. In a remarkal 
book? left by this scientist and gallant prophet of aviation w 

2 F. Ferber, “ L’Aviation, ses debuts, son developpement,” Par! 
published by Berger-Levrault. 
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read his forecast: “ From hill to hill, from town to town, from 


continent to continent.” It is the realization of these beautiful 


words that we have now reached. 

We thus find ourselves now on the eve of the establishment 
of great universal aerial voyages, transoceanic as well as trans- 
continental; and with them, by the power of the intensification 
of the relations between peoples, we will progress towards uni- 
versal harmony, and approach, in spite of obstacles, a luminous 
destiny at a rate of progress unknown before. 

Let all who still doubt the all-powerful influence of universal 
air routes think only a little of your daily activity, and you can 
not help being enthusiastic about all the new and wonderful 
possibilities that the development of air navigation will give 
vou. Whoever you are, air navigation will load you with its 
powerful benefits. If you are a business man or merchant, one 
of those who have appreciated better than others the speed 
factor, think for a minute that you will have the neighboring 
continents at a day’s distance from you. Your associates from 
other continents will be able to join you in twenty-four hours. 
The samples that you may need will be delivered to you on your 
request in the same length of time. You will be able to travel 
over enormous distances at tremendous speeds, and scrutinize 
enormous spaces by your spirit of enterprise. If you are an 
engineer, scientist or investigator, you will be able to get the 
necessary book, apparatus or information from any other part 
of the world in a time less than previously required to get the 
same from the same province. Think a little, you leaders of 
human activity, of all the wonderful possibilities that will fol- 
low from the new aerial universal ultra-rapid routes, and your 
keen minds will not need to be convinced of the miraculous 
activity of future destiny. And all you other less active mem- 
bers of human society, in addition to the comfort, speed, and 
security of the air routes, you will see flowing around, as from 
a cornucopia, the products of welfare created by the active 
members. But all these results just described are smal] details 
in comparison with the new human psychology which will 
progressively result from this era of activity at a rate unknown 
before, and which without any doubt will reveal to the future 
the superman of spirit, soul and beauty. 

The crossing of the ocean by the airplane makes aircraft the 
first universal means of transportation, and by this fact alone 
opens a new era of civilization, with such an increased rate of 
progress that it is almost impossible for the human mind of 
to-day to appreciate its whole significance... Acceleration of 
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human activity will increase the world’s welfare; and 
same time the resulting economy of time and individual lib: 
will lead to the perfecting of the human race in a deep and j 
creasing feeling of happiness, the result of the intensifi 
and multiplicity of sensations, this whole wonderful pri 
progressive evolution being crowned by the spirit of uni) 
harmony. Ajircraft, having become by the crossing 
ocean the universal means of transportation, thus app: 
one of the most sublime conquests of civilization, by 
luminous destiny our poor imaginations can only be daz 

But this wonderful destiny, which we now foresee, 
rising has begun and the means of reaching which we ha 
already in hand, will require a certain time for its blossoming. 
Such delay in the realization of one of the most beautiful cor 
quests of humanity is a consequence of what, with much i: 
gence, is called social inertia. I do not wish to enter int 
details and the analysis of this complex phenomenon, and y 
mention only one of its most painful sides. I apologize 
stating the fact so directly. I am guided only by the desire t 
bring in this way a more intensive feeling of what I inte: 
say. Why do you, humanity, let yourself be governed b 
most ignorant among your fellow-creatures? I will explain 
myself plainly. At the present time the social power, 
crushing degree, is in the hands of what may be call 
“classical humanists.” Who are they? Independent of t) 
literary, juristical or other specialty, their mentalit ! 
cleared from the sophistical fog with which they are so « 
in surrounding themselves; with their official logic, w! 
nothing else than a brilliant example of reasoning to | 
when truth has to be avoided, we see them appearing on! 
experts in the dismal art of knowing the degree of decay v 
human nature can reach. It is exactly the contrary 
we need the most, that is, to know what is the degre: 
fection that humanity can reach. The ethics of the cla 
humanist developed under such conditions is not in lin 
sufficiently powerful and valuable ideals. This is why 
political activity provokes so often such social disaster. 
to-day we are standing on the eve of a marvelous nev 
Among the seekers for truth, among the scientists, engi! 
and experts in different technical arts, a new ethics has grov 
animated by the most powerful and magnanimous se! 
of justice and universal benevolence, to which they | 
brought by the contemplation and study of nature. |! 
the ethics of the men who have an exact knowledge of these 
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crete facts that depends the welfare of humanit 

mpetent and best men of humanity, mast 
world. that the people ought to let thems 
scht between the two tendencies has already begun. It 
ight between the ethics of scholastic ignorance and the ethics 
of scientific verity. This fight is an old one, but has taken in 
modern times a new form. It is to Dr. George Sarton, pro- 


fessor of Harvard University, that we owe a brilliant, vigorous 


c 


and rigorous exposé of this social state of things, which he 


Humanism,’”® 


rrey 
' 


designates by a name full of destiny, “ The 
Any eloquence of mine would disappear before the words of full 
conviction of this defender of one of the most beautiful social 
movements, the understanding of which wil! without any doubt 
make us avoid many disasters of the future. Workers in sci- 
ence and technical arts, you have the duty of uniting about the 
powerful ideals of the “ New Humanism,” and it will not be 
long till the light of welfare will pierce the darkness of the 
classical humanist. The fate of humanity is in progress; this 
is why the victory of the “ New Humanism ” can not be stopped. 
But let us reach it by the peaceful way of conscious evolution, 
and not by the way of bloody revolution, whose specter stands 
ready to spread itself over the earth’s surface. Modern human- 
ity has a long step to make; it is that of emancipation from the 
prejudice of the classical humanist. Let us take this step 
heroically, having the courage to recognize our errors without 
persisting in our mistakes, without concealing by the sophis- 
tries of the classical humanists the actual social wounds, and 
without crushing by ignorance the benefits of science. 

To see how far science is from being sufficiently appreci- 
ated to-day, it is enough to compare in the budget of any state 
the appropriation for science and the appropriations for crimi- 
nality, for example, this last word being understood in its 
widest sense. The comparison is illuminating. I will not in- 
sist on this painful side of modern social life. 

I have considered it necessary to mention here the “ New 
Humanism” for the purpose of showing that the evolution of 
humanity, although bound up with technical conquests, de- 
pends, for the rapidity of its progress, also in a large measure 
upon social morality. The one brings the other with it. 

I allow myself to express the intense desire to see the uni 
verse conquered by the “New Humanism,” spreading through 

*George Sarton’s “Le Nouvel Humanisme,” Scientia, March, 1918; 
see also THE SCIENTIFIC MONTHLY, September, 1918, “ e Teaching of the 
History of Science.” 
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the earth by the powerful transcontinental and transoceanj 
air routes; and then it will not be long before universal pea 
so longed for by every one, becomes a natural phenomenon. 
Since the origin of the universe, the complete conquest 
the air, now realized by the crossing of the ocean, is the n 
important factor ever reached in the evolution of humanity. 
The history of all mankind is merely the history of its fight 
against slavery by the forces of nature. Science is our po 
ful liberator; it teaches us how to use these forces for our 
benefit. How many billions of mechanical horsepower 
already working for us! To them we owe all the beauty 
modern civilization. Workers in technical arts and sciences 
you must be firm in your convictions, in the face of so 


destiny.* 

4It is a special pleasure for the author to address his heartiest t 
to Dr. J. S. Ames for the help he gave him in correcting the style 
article. 
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WAIYAUTITSA OF ZUNI, NEW MEXICO 


By ELSIE CLEWS PARSONS 


NEW YORK CITY 


NLY twice through my association with 
( ) has it occurred to me to be a feminist. 
was at Cochiti when late at night my tired and sleepy Indian 
hostess grumbled in the soft tones no Pueblo woman ever loses, 
grumbled because she had to sit up for the young husband who 
was spending the evening at the club, 7. e., taking part in a 
ceremonial at the estufa. “I'll have to get him something to 
eat.” she said, “no man here would ever cook for himself at 
home. They say if they did, they would lose their sense of the 
trail.” Rationalization of habit or desire is not confined to the 
peoples of western civilization. 

The second time I remembered I was a feminist was when 
the editor of a certain journal asked me to write an article on 
Zuni women. Are the women of a community still thought of, 
I queried, even in scientific or pseudo-scientific circles, as a 
separable class? If so, there is nothing for us but to keep on 
with the categories of feminist and anti-feminist, tiresome 
though they become. 

Well, the article was written, but it was not published be- 
cause it contained a reference to the lack of prostitution at 
Zuni. Recognition of the subject was considered unsuitable for 
boy and girl readers; it was deemed better for them to have a 
partial survey of the facts of life than to see life whole, even 


+ Pe 2 


at Zuni. Nor was life at Zufi to suggest inquiry into 
home. 

3ut writing the article served at least one purpose. It 
focused attention upon the differentiation of the sexes at Zuii 
and resulted in an analysis which contributed to the under- 
standing of a considerable portion of Zufi habits of mind and 
of culture. To get the survey which leads to the analysis, let 
us follow the life of a baby girl we shall cal! Waiyautitsa, a 
girl’s name, for sex generally appears in Zufi personal names. 
Sex appears somewhat in speech too. Waiyautitsa in learning 
to talk will make use of expressions, particularly exclamations, 
peculiar to women. Recently Dr. Kroeber, in giving us a list of 
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the first words used by a Zuni child, a boy, noted the co 
tively large number of kinship terms in his vocabulary. 
kinship terms of our imaginary little girl would be sor 
different froma boy’s. Hecalls a younger sister ikina; ay 
brother, suwe; she calls either hani, meaning merely 
younger. And, as the Zuni system of kinship terms is wh 
called classificatory, cousins having the same terms as br 
and sister, Waiyautitsa has even fewer words than her br 
to express cousinship. 

When Waiyautitsa is three or four years old she 
recognized as a girl not merely from her speech, but fr 
dress, from her cotton slip; at this age little boys wear trouse) 
But not for another three or four years, perhaps longer, v 
Waiyautitsa wear over her cotton slip the characteristic Pueb! 
woman’s dress,—the black blanket dress fastened on 
shoulder and under the right arm and hence called in 
watone, meaning “ across,” the broad belt woven of white, gr 
and red cotton, the store-bought kerchief or square of sil! 
(pitone) which, fastened in front, hangs across shoulders a1 
back, and the smal] foot, thick leg moccasins which cover an! 
and calf in an envelope of fold upon fold of buckskin. Befor 
Waiyautitsa is eight or even six she may, however, when s! 
goes out, cover her head and body with a black blanket or with 
the gay colored “shaw!” similarly worn. And I have seen ve! 
little girls indeed wearing moccasins or the footless black st 
ings Zuni women also wear, or “dressing up” in a pito 
purely ornamental article of dress without which no Zu 
woman would venture outdoors. Without her pitone she w 
fee] naked, she says, and any man would be at liberty to s| 
disrespectfully to her. When Waiyautitsa is about five, ! 
hair, before this worn, like the boys, in a short cut, is let gr 
into a little tail on the nape of her neck. In course of tim: 
pigtail will be turned up and tied with a “hair belt” of whit 
green and red cloth. From ear to ear her front hair w 
banged to the end of her nose, the bang drawn sidewi 
the forehead except at such times in ceremonials when it 
fall forward to conceal the upper part of the face. 

This hair arrangement serves in ceremonials as a kind 
mask. A mask proper, that quasi fetich which has so import 
a place in Pueblo ceremonialism, Waiyautitsa will in all p! 
ability never wear. Unlike her brother, Waiyautitsa w 
be initiated in childhod into the kotikyane or god society, a! 
consequently she will not join one of the six kiwits 
sacred club-houses or estufas which supply personators for t! 
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masked “dancers.” Not that fem 
in these ceremonials, but as was 


stage women are impersonated by 

To this exclusion of girls from the 
participating in the masked “dances”’ 
note, a few exceptions. To-day three w 
kotikyane. They were taken into it not in 
later life and, it is said, for one of the same 
well as men are taken into the other frater 
Zuni. Cured by ceremonial whipping of 
nightmare or of some other ailment, they w 
liwitsine credited through one of its member 
Of the three women members only one is said 
is accounted mannish, katsotse, girl-man, a to 

Waiyautitsa will not be initiated, it is n 
the kotikyane, but she is quite likely to be initia 
society,—into the Great Fire or Little Fire or | 
or Wood society, into any one of the thirteen Zu 
cept three, the bow priesthood or society of warri 
riors who have taken a scalp, or the Hunter S ' 

Cactus Society, a society that cures arrow or gun-shot wound 
As women do not hunt or go to war, from membership in these 
groups they are excluded or, better say, precluded. As we 
sha'l see later, affiliation by sex is in ceremonial affairs along 
the lines of customary occupation. 

If Waiyautitsa falls sick and is cured by a medicine-man 
of the medicine order of a society she must be “given” either 
to the family of the medicine man or to his society. Initiated 
she may not be, however, for a long time afterwards, perhaps 
for years. Initiations take place in the winter when school is in 
session, the school either of the Indian Bureau or of the Dutch 
Reformed Church, and for that reason, it is said, initiations 
may be postponed until past school age. Despite the schools, 
I may say, I have met but two Zufii women who speak English 
with any fluency. One woman is a member of the Snake- 
Medicine Society, into which she was initiated after conval- 
escence from measles, a decimating disease at Zuiii, to be ac- 
counted for only through witchcraft. The other woman was 
accounted the solitary convert of the Dutch Reform Church 
Mission in Zufi until six or seven years ago she joined the 
Wood society because as a child she had been cured by them of 
smallpox. 

After initiation, the women, like the men of a society, offer 
feather-sticks each moon, observing continence for four days 
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thereafter, and they join in the four-day retreat in the « 
monial house of the society preliminary to an initiation. | 
like the men, however, the women do not spend the ent 
night, only the evening, in the society house, and, while th 
they are listeners rather than narrators of the inexhaust 
folk tales that are wont to be told at society gatherings. 
are the custodians of the lore, secular as well as esoteric, « 
tribe, just as men and not women are the musicians. Ther 
are devoted singers, singing as they dance or singing 
choir for dancers, and singing as they go to or from work in 


fields or as they drive their horses to water in the river or ¢ 


the corrals on the edges of the town. Even grinding songs :; 
sung on ceremonial occasions by men. 
In the public appearances of the society, the women n 


bers figure but little. Societies supply choirs and drumme: 


and ceremonial road openers or leaders to the masked dar 


and, during the great koko awia (god coming) or shalalo cere- 


monial, to various groups of sacred personages. I have s 
several “dances” in Zuni and one celebration of koko 


and I have seen but one woman officiate in public. As a daug! 


ter of the house which was entertaining the koyemshi or sacré 


clowns she was in attendance upon that group in the koko a 
or Advent, so to speak, of 1915. 


If Waiyautitsa belongs to a society, she will offer or pla 


the befeathered prayer-sticks, which are so conspicuous a fi 
ture of Pueblo religion, but, being a woman, Waiyautitsa w 
not cut or dress the sticks. She will only grind the pigm: 


and, perhaps, paint the sticks. Nor as a woman would s! 


offer the sticks on certain other ceremonial occasions whe! 
men offer them. Once a year, however, at the winter solst 
ceremonial on which so much of Zufi ritualism pivots, Wai 
titsa will be expected, even in infancy, to plant, planting f 
“old ones,” 7. e., the ancestors and for the Moon, but no 
the men, for the Sun or, unless a member of the kotik 

the ancestral gods, the koko. 

At the conclusion of the winter solstice ceremonial, w! 
certain sacred figures called kwelele go from house to | 
the women carry embers around the walls of the house 
throw them out on the kwelele. It is a rite of shuwaha, « 
ing, exorcism. There are a number of other little rites p: 
to the women in Zufi ceremonialism. Through them, 
through a number of rites they share with the men, 
provisions for supplying food in the kiwitsine to the sacr 


personators or for entertaining them at home or making the! 
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In what we may call the ceremonial management, however, the) 
appear to have little or no part. 

Even when women are initiated into the 
associated with the ashiwanni or rain priests, their functions 
seem to be primarily of an economic or housekeeping order. 
The women members of the rain priesthoods have to offer food 
every day to the fetiches of these sacerdotal groups—to stones 
carved and uncarved and to cotton wrapped lengths of cane 
filled with “the seeds the people live by.” For the seed fetiches 
to be in any way disturbed in the houses to which they are 
attached involves great danger to the people and on a woman in 
the house, the woman member of the priesthood, falls the 
responsibility of guardianship or shelter. But even these posi- 
tions of trust are no longer held by women—there are, accord- 
ing to Dr. Kroeber, only six women ashiwanni among the fifteen 
priesthoods. The woman’s position among the paramount 
priesthood, the rain priesthood of the North, has been vacant 
now for many years—no suitable woman being willing, they 
say, to run the risks or be under the taboos of office. Aside 
from this position of woman shiwanni, women count for little 
or nothing in the theocracy of Zuni. They were and are asso- 
ciated with the men priests to do the work pertinent to 
women. In the case of the Zuni pantheon or its masked im- 
personations, the association is needed to satisfy or carry out, 
so to speak, Zuni standards or concepts of conjugality. The 
couple rather than the individual is the Zui unit. Sometimes, 
in ceremony or in myth, the couple may consist of two males. 

There is one masked couple I have noted in particular at 
Zuni, the atoshle. Two or three times during the winter our 
little Waiyautitsa together with other girls and very little boys 
may expect to be frightened by the atoshle, the disciplinary 
masks who serve as bugaboos to children as well as a kind of 
sergeant-at-arms, the male atoshle at least. for adults. If the 
children meet the old man and his old woman in the street, they 
run away helter skelter. If the dreadful couple visits a child 
indoors, sent for perhaps by a parent, the child is indeed badly 
frightened. I suppose that Waiyautitsa is six or seven years 
old when one day, as an incident of some dance, the atoshl 
“come out” and come to her house. The old woman atoshl 
carries a deep basket on her back in which to carry off naughty 
children and in her hand a crook to catch them by the ankle. 
With the crook she pulls Waiyautitsa over to the grinding 
stones in the corner of the room, telling her that now she is 


Ot myane, or are 
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getting old enough to help her mother about the house, to | 
after the baby and, before so very long, to grind. She: 
mind her mother and be a good girl. I once saw a little gir] 
terrified by such admonition—this time by the old man at 
the old woman not being along—that she began to whim; 
hiding her head in her mother’s lap until the atoshl 
sprinkled with the sacred meal and left the house to perfo: 
elsewhere his role of parents’ assistant. 

Whether from fear, from supernatural fear or fear of |} 
talked about as any Zuni woman who rests or idles is 
about, or whether from example, more from the latter no d 
than from the former, Waiyautitsa is certainly a “ good gi) 
a gentle little creature, and very docile. Through imitating | 
industrious mother or aunt or her even more industrious gra 
mother or great-aunt, she learns to do all the household t 
of women. She learns to grind the corn on the stone met 
that back-hardening labor of the Pueblo woman—and to pre; 
and cook the meal in a number of ways in an outside oven 
the American stove or on the flat slab on which hew 
bread is spread. For the ever cheery family meal she set 
the coffee-pot, the hewe or tortilla, and the bowls of chile 
of mutton stew on the earthen floor she is forever sweeping 
with her little home-made brush or with an American br 
(A Zuni house is kept very clean and amazingly n 
orderly.) 

And Waiyautitsa becomes very thrifty—not only na 
but supernaturally. She will not sell corn out of the h 
without keeping back a few grains in order that the corn m 
return—in Zuni thought the whole follows a part. And s! 
keep a lump of salt in the corn store room and another it 
bread bowl—when salt is dug out, the hole soon refills, and t 
virtue of replacing itself the salt is expected to impart 
corn. There are other respects, too, in which Waiyautits: 
learn how to facilitate the economy. 
melon seeds for planting with sweetened water—melons sh 
be sweet. Seed wheat she will sprinkle with a white cla 
make the crop white, and with a plant called ko’wa so | 
wheat dough will pull well. Seed corn will be sprinkled wit 
water that the crop may be well rained on. 

From some kinswoman who is a specially good | 
Waiyautitsa may have learned to coil and paint and fire t 
bowls as well as the cook pots and water jars the house! 
needs. She fetches in wood from the wood-pile and now anc 
again she may be seen chopping the pine or cedar logs the ! 


' 





WAIYAUTITSA OF ZUNI 


of the household have brought in on donkey or in wagon. 
fetches water from one of the modern wells of the town, car 


ing it in a jar on her head and walking in the slow and spring- 


less gait always characteristic of Pueblo women. That gait, let 
me say, so ponderous and so different from the gait 

is one of the puzzling things about Pueblo won 

haps the result of their incessant industr’ 

scious self-protective device against “speeding up”? 

Waiyautitsa will learn to work outdoors as well as 
will help her mother in keeping one of the small gar 
the town—the men cultivate the outlying fi f corn and 
wheat (and the men and boys herd the sheep which make the 
Zuni prosperous), and Waiyautitsa will help her household 
thresh their wheat crop, in the morning preparing dinner for 
the workers, for relatives from other households as well as 
from her own, in the afternoon joining the threshers as the 
men drive horses or mules around the circular threshing floor 
and the women and girls pitch-fork the wheat and brush away 
the chaff and winnow the grain in baskets. Waiyautitsa will 
also learn to make adobe blocks and to plaster with her bare 
hand or with a rabbit-skin glove the adobe walls of her mother’s 
house, inside and out. Pueblo men are the carpenters of a 
house, but the women are always the plasterers, and Waiyau- 
titsa will have to be a very old woman indeed to think she is 
too old to plaster. On my last visit to Zuni I saw a woman 
seventy or not much under spending part of an afternoon on 
her knees plastering the chinks of a door-newly cut between 
two rooms. 

The house she plasters belongs or will in time belong to 
Waiyautitsa. Zuni women own their houses and their gardens 
or, perhaps it is better to say, gardens and houses belong to the 
family through the women. At marriage a girl does not leav: 
home; her husband joins her household. He stays in it, too, 
only as long as he is welcome. If he is lazy, if he fails to bring 
in wood, if he fails to contribute the produce of his fields, or if 
some one else for some other reason is preferred, his wife ex 
pects him to leave her household. He does not wait to be told 
twice. “The Zufi separate whenever they quarrel or get tired 
of each other,” a critical Acoma moralist once said to me. The 
monogamy of Zufi is, to be sure, rather brittle. In separation 
the children stay with the mother. 

Children belong to their mother’s clan. They have affilia- 
tions, however, as we shall see, with the clan of their father. 
If the mother of Waiyautitsa is a Badger, let us say, and her 
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father a Turkey, Waiyautitsa will be a Badger and “th: 
of the Turkey.” She can not marry a Turkey clansman 1 
course, a Badger. Did she show any partiality for a cla 
an almost incredible thing, she would be told she was ju 
a dog or a burro. 

These exogamous restrictions aside and the like r 
tions that may arise in special ways between the house! 
Waiyautitsa and other households, Waiyautitsa would b 
I am told, freedom of choice in marrying. Even if her } 
hold did not like her man, and her parents had told her n 
talk to” him, Zuni for courting, she and he could go to li 
some kinswoman. No one, related or unrelated, would r 
to take them in. In Zufi nobody may be turned from the 
Nor would a girl whose child was the offspring of a ch 
encounter be turned out by her people or slighted. The 
gitimate child is not discriminated against at Zufi. 

Casual relationships occur at Zuni, but they are not 
mercialized, there is no prostitution. Nor is there any life- 
celibacy. As for courtship, how there can be any, at 
before intimacy either in the more transient or more permar 
forms of mating, is a puzzle—the separation outside 
household of boys and girls of various ages is so thorough. 


what if a little girl wanted to play with boys?” I once ask 
“They would laugh at her and say she was too crazy al 


’ , 


boys.” “Crazy” at Zuni, as quite generally among Indians 
means passionate. (Girls at Zuni are warned away from cer 
monial trespass by the threat of becoming “ crazy.’’) 

The young men and the girls do, to be sure, have non- 
monial dances together, and in preparing for them ther 
be opportunities for personal acquaintance. The danc: 
seems too formal for such opportunities. I saw one of 
dances not long ago. It was a Comanche dance. Ther 
a choir of about a dozen youths including the drummer, f 
girl dancers heavily beringed and benecklaced, the patter 
whose dance, two by two or in line, was very regular, a! 
youth who executed in front of them or around them a! 
mated and very beautiful pas seul. After dancing o 
the plaza, they all went into “the saints house” to da: 
her “ because they like her ”’—a survival no doubt of th: 
of dancing in the Catholic church observed by the Ind 
Mexico and not long since quite generally in New 
During this same visit to Zuni, I may say, I also saw « 
afternoon, a time for fetching water, a young man take 
rather brusquely by the arm and try to speak to her. 


’ 
t 


} 
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averted her head and passed on, another girl only a few sts 

ahead of her and another not far behind. It was the briefest 
encounters and far from private, but it left me no longer quit: 
as sceptical as I had been on being told that at this twilight 
hour, at least, the girls and the young men do meet. And after 
“two or four” meetings at the well a girl may agree to marr 
vr, in Zui phrase, to have a man. 

Well, Waiyautitsa has in one way or another, we shall have 
to suppose, met her young man and agreed that he is to join her 
household. At first, for a few days, he will stay in the common 
room, in the room where all sleep (sleeping and dressing, let me 
say, with the utmost modesty), he will stay only at night, 
leaving before dawn, “staying still” his shyness is called. Then 
he will begin to eat his meals with the household. There is, you 
see, no wedding ceremonial and a man slips as easily as he can 
into the life of his wife’s household. The Ashiwi, as the people 
call themselves, take no pleasure in disconcerting one another— 
ceremonially, at least—nor does the priesthood aim to direct 
domestic events. 

Waiyautitsa will pay a formal visit on her bridegroom’s 
people, taking his mother a basket of corn meal. To Waiyau- 
titsa herself her young man will have given a present of 
cloth for a dress or a buckskin for the moccasins he will make 
for her. Hides are a product of the chase, of cattle raising 
(cowhide is used to sole moccasins), or of trade, men’s occupa- 
tions, and so moccasins of both women and men are made by 
men. Women make their own dresses, although, formerly, before 
weaving went out of fashion at Zuni, it is likely that men were 
the weavers, just as they are to-day among the Hopi from 
whom the men of Zuni get cloth for their ceremonial kilts and 
blankets and for the dresses of the women. Even to-day at 
Zuii men may make up their own garments from store bought 
goods and it is not unusual to see a man sitting to a sewing- 
machine. 

A man may use cloth or thread for other than economic 
reasons. In case a girl jilts him he will catch her out some 
night and take a bit from her belt to fasten to a tree on a windy 
mesa top. As the wind wears away the thread, the woman will 
sicken and perhaps in two or three years die. A woman who is 
deserted may take soil from the man’s footprints and put it 
where she sleeps. At night he will think of her and come back— 
“even if the other woman is better looking.” Apprehensive of 

* Analogous reasoning leads to the practise of burning scraps in dres 
making that they may not fall into the hands of a witch. 
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desertion a woman may put a lock of hair from the man 
house wall or, the better to attach him to her, she may 
over her heart. Women and men alike may buy lov 
from the newekive, a curing society potent in magic, 
white. There is a song, too, which men and women 
“in their heart” to charm the opposite sex. And t 
song which a girl may sing to the corn as she rubs ¢t!] 
meal on her face before going out. “Help me,” is 
stance of it, “I am going to the plaza. Make me | 
Rarely do our girls pray, I suppose, when they powd 
noses. 

Courtship past for the time being, courtship by magi 
wise, Waiyautitsa is now, let us say, an expectant mot! 
household duties continue to be about the same, but 
precautions, if she inclines to be very circumspect, 
take. She will not test the heat of her oven by sprinkli: 
the usual way with bran, for if she does, her child, 
heard, may be born with a skin eruption. Nor will sh 
a corpse or help dress a dead animal lest her child be b 
or disfigured. She has heard that even as a little gir! if 
the whitish leaf of the corn husk her child would be ar 
If her husband eat this during the pregnancy the resu 
be the same. On her husband fall a number of other p: 
taboos, perhaps as many as fall on her, if not more. 
hunts and maims an animal, the child will be simila) 
—<deformed or perhaps blind. If he joins in a mas! 
the child may have some mask-suggested misshape or 
eruption like the paint on the mask. If he sings 
deal, the child will be a cry baby. The habit of thi 
terms of sympathetic magic or of reasoning by anal 
is even more conspicuous at Zuni than, let us say, at N 
is particularly evident in pregnancy or birth practises or | 

Perhaps Waiyautitsa has wished to determine the s 
child. In that case she may have made a pilgrimage wit! 
priest to Towa Yalene, the high mesa three miles to th: 
the town, to plant a feather-stick which has to be « 
painted in one way for a boy, in another way for 
(Throughout the Southwest blue or turquoise is associat 
maleness and yellow with femaleness.) Wanting a gir! 
girls are wanted in Zuni quite as much as boys, if not ! 
Waiyautitsa need not make the trip to the mesa, inst 
husband may bring her to wear in her belt scrapings 
stone in a phallic shrine near the mesa. When labor sets 
the pains are slight, indicating, women think, a girl, Wa 
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be told by her mother, “‘ Don’t sleep, or you will have 
A nap during labor effects a change of sex. When the 
is about to be born, Waiyautitsa is careful, if sl 
use at this time is strictly observed. 
After the birth, Waiyautitsa will lie in for 
ur. eight, ten or twelve, according to the cust 
hatever the custom, if she does not observe 
‘drying up” and dying. She lies on a 
d by hot stones, and upon her abdomen is 
Thus is she “ cooked,” people say, and c1 
hers are not thus treated are called unc 
are the animals, the gods, Whites. To be 
tantamount in Zuni to being human. 
It is the duty of Waiyautitsa’s mother-in- 
paternal grandmother, to look after mother and chil 
the confinement, and at its close to carry the child out 
dawn and present him or her to the Sun. Had Waiyautit 
children, she might have invited a propitious friend, 
woman who had had many children and lost none, to atten 
the birth and be the first to pick up the child and blow into his 
mouth. In these circumstances the woman’s husband would 


1 


become the initiator of the child, if a boy, when the child was 


be taken into the kotikyane. Generally the child’s 


‘7 


} 


choses some man from the house of his own kuku or paternal 
sunt to be the initiator or godfather, so to speak, of the child. 
The infant will receive many attentions, too, from his 
other and her household. He is placed on a cradle board in 
which, near the position of his heart, a bit of turquoise is inlaid 
) preclude the cradle bringing any harm to its tenant. Left 
alone, a baby runs great risk—some family ghost may come and 
hold him, causing him to die within four days. And so a quasi 
fetichistic ear of corn, a double ear thought of as mother and 
child, is left alongside the baby as a protector. That the baby 
may teeth promptly, his gums may be rubbed by one who has 
been bitten by a snake—“ snakes want to bite.” To make the 
child’s hair grow long and thick, his grandfather or uncle may 
puff the smoke of native tobacco on his head. That the child 
may not be afraid in the dark, water-soaked embers are rubbed 
over his heart the first time he is taken out at night —judging 
from what I have seen of Zui children and adults a quite in- 
effectual method. That the child may keep well and walk early, 
hairs from a deer are burned and the child held over the smoke 
—deer are never sick and rapid is their gait. Their hearing, 


+ 





454 THE SCIENTIFIC MONTHLY 


too, is acute, so discharge from a deer’s ear will be put int 
baby’s ear. That the child may talk well and with tongu 
tongue of a snared mocking-bird may be cut out and held t 
baby to lick. The bird will then be released in order that 
regains its tongue and “talks,” the child will talk. 
who speaks in addition to his native tongue Keresan, En, 
and Spanish has been pointed out to me as one who had 
mocking-bird tongue. 

Waiyautitsa will give birth to three or four children, | 
say, probably not more, and then, as she approaches n 
age, let us suppose she falls sick, and after being doctor 
successfully first by her old father who happens to be a 
known medicine-man of the Great Fire society, and then | 
medicine-man from the newekwa society whose practic 
the opposite, Waiyautitsa dies. Within a few hours 
kinswomen of her father’s will come in and wash her hai 
body, and at dawn sprinkle her face first with water and | 
with meal. The deceased will be well dressed, and in a b! 
donated by her father’s people she will be carried to the « 
tery lying in front of the old church, a ruin from the days ot 
Catholic establishment in Zuni. There to the north of t! 
tral wooden cross, i. e., on the north side of the cemet 
Waiyautitsa will be buried. Women are always buri 
north side and men on the south. 

Waiyautitsa will be carried out and buried by her 
kinsmen or clansmen. No woman will go to the burial, 1 
the widower. The widower, as soon as the corps 
outdoors, will be fetched by his women relatives to live at t! 
house. There they straightway wash his hair—a perf 
inseparable in Zuni as at other pueblos from every time « 
or ceremony. The hair of all the other members of \ 
titsa’s household will be washed at the end of four da 
women relatives of her father. During this time, sinc 
spirit of Waiyautitsa is thought to linger about the hon 
house door will be left open for her at night. The bow! | 
washing her hair and the implements used in diggin 
grave will also be left outdoors. Her smaller and p: 
personal possessions have been buried with her and 
things like bedding have been burned or taken to a special p! 
down the river to be buried. The river flows to the lake sixt) 
miles or so west of Zui where Waiyautitsa’s spirit is also sup- 
posed to take its journey. There under the lake it abides e) 
when with other spirits it returns in the clouds to Zuni t 
down the beneficent rain. People will say to a child, wher 
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a heavy cloud, “There goes your grandmother,” or they 


see a 
vill quite seriously say to one another, “ Our grandfathers are 
wlll quite ser} 7 ‘ { 
coming.” 

Waivautitsa’s children may go on living at home with their 
grandmother, Waiyautitsa’s mother, or it may be one of them 
is adopted by a maternal aunt or great-aunt or cousin. Zuni 


children, cherished possessions as they are, are always being 


adopted—even in the lifetime of their mother. Adopted, a 


child—or an adult—will fit thoroughly into the ways of his 
adoptive household. It is the household as well as the clan 
which differentiates the Zuni family group from our individ- 
ualistic type of family. The household changes quite readily, 
but whatever its composition, it is an exceedingly integrated 
and responsible group. 

However the children are distributed, it will be the older 
woman or women in the household who will control them. This 
household system is one that gives position and considerable 
authority to the elder women—until the wom ir 
people say, to be of any use. (In spite of this irony, I 
heard of but one old woman who was neglected by her house- 
hold.) An older woman who is the female head of the houss« 
hold is greatly respected by her daughters and sons-in-law and 
grandchildren as well as by the sons or brothers who continually 
visit the household and often, as temporary celibates, return to 
live in it. 

The older woman is highly esteemed, but she is by no mean 
the head of the household—unless she is widowed. Wherever 
the household contributes to the ceremonial public life, her 
husband is paramount. In the non-ceremonial, economic lif 
too, he has equal, if not greater, authority. And in the genera! 
economy he more or less expects his wife to serve him and wait 
on him. This conjugal subordination is not apparent to any 
extent among the younger people; the younger husband and 
wife are too much drawn into the cooperate household life. 
But as time passes and they in turn become the heads of the 
household, the man appears to be more given to staying at 
home, and more and more he takes control. 

From this brief survey of the life of a woman at Zufi in so 
far as it can be distinguished from the general life, we get the 
impression that the differentiation of the sexes follows lines of 
least resistance which start from a fairly fundamental division 
of labor. From being hunters and trappers men become herders 
of the domestic animals, drivers or riders. Trade journeys and 
trips for wood or for the collecting of other natural resources 
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are associated with men, and work on the things acquired js 
men’s work—men, for example, are wood cutters, and 
makers, whether the objects are for secular or sacerdota] 
Analogously all work upon skins or feathers is work for 
whether it leads to the manufacture of clothing or to commu 
cation with the supernaturals. Again, as farmers, men ar 
sociated with that system of supernatural instrumentalisn 
fertility and weather control which constitutes in larg: 
Zuni religion. In other words, the bulk of the ceremonia! | 
a system for the most part of rain rituals, is in the hands 
men. So is government. The secular officers are merely r 
sentatives of the priests. Zuni government is a theocra 
which women have no part. The house and housekeeping 
associated with women. Clay is the flesh of a female s 
natural and clay processes, brick making or laying or pla 
ing, and pottery making are women’s work. There are in 
tions in sacerdotal circles that painting is or was thought 

a feminine activity. Corn, like clay, is the flesh of female su; 
naturals, and the corn is associated with women. Even 
corn growers are in duty bound to bring their product to t 
wife or mother. Women or women impersonations figur 
corn rituals. It is tempting to speculate that formerly, 
turies since, women themselves were the corn growers. To- 
at any rate, the preparation of corn as of other food is wom 
work. Wherever food and its distribution figure in cerem 
and there is a constant offering of food to the supernatur: 
women are apt to figure. Fetiches are attached to houses a! 
in so far as providing for these fetiches is household work 
women’s work and leads to the holding of sacerdotal ot 
women. The household rather than ties of blood is the |! 
of family life. The children of the household are more c! 
attached to the women than to the men. One expression ‘ 
attachment is seen in reckoning clan membership through t 
mother. 

Household work at Zuni as elsewhere is continuous. 
women are always on the move. The work of the men, on t! 
other hand, is intermittent. Hunting, herding and farming ar 
more or less seasonal activities and are more or less readil 
fitted into ceremonial pursuits, or rather, in their less urg 
periods, take on ceremonial aspects. In the ceremonial life th 
arts find expression, and the men and not the women are by and 
large the artists of the tribe. 

Attached to the ceremonial life are the games of chance and 
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the races that are played or run at certain seasons. Here again 


the intermittent habit of work of the men together with their 
comparative mobility qualify them as gamesters and runners 
to the exclusion of the women. It is even more unusual to see 
a Pueblo woman run than to see a white American woman, and 
like white women, Pueblo Indian women seem quite content to 
pay no attention to games or merely to look on. They engage 
in no games.” 

Household work is confining. Hunting, h 
lead to a comparatively mobile habit, a habit of 

hich in the Southwest, at least, is adapted to ce 
suit: for Pueblo Indian ceremonialism thrives on foreign accre- 
tions, whether of myth or song or dance or design of mask or 
costume, or, within certain limits of assimilation, of psycho- 
logical patterns of purpose or gratification. 

To the point of view that the differentiation of the sexes at 
Zuni proceeds on the whole from the division of labor the native 
custom of allowing a boy or man to become, as far as ways of 
living go, a girl or woman, gives color. Towards adolescence, 
and sometimes in later life, it is permissible for a boy culturally 
to change sex. He puts on women’s dress, speaks like a woman, 
and behaves like a woman. This alteration is due to the fact 
that one takes readily to women’s work, one prefers it to men’s 
worr. Of one or another of the three men-women now at Zuni 
or of the men-women in other pueblos I have always been told 
that the person in question made the change because he wanted 
to work like a woman or because his household was short of 
women and needed a woman worker. This native theory of the 
institution of the man-women is a curious commentary, is it 
not, on that thorough-going belief in the intrinsic difference 
between the sexes which is so tightly held to in our own culture? 

*Formerly women are said to have played with men a cerem 
uasi-ceremonial game, a pole and hoop game, and to-day the very 
girls, besides playing house, play other games. In one of them the girls 
trace a spiral on the ground and at the center place a bowl of water to 
represent a spring. They follow the spiral to get water for their little 
turkeys which, they sing, are dying of thirst. A “bear” rushes out from 
the spring and gives chase. 
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THE CONTROVERSY ON THE ORIGIN OF OUR 
NUMERALS 


By Professor FLORIAN CAJORI 


UNIVERSITY OF CALIFORNIA 


ECENTLY certain articles have been written which 
R doubt upon the commonly accepted view that our nu 
system originated in India and two writers definitely assi; 
European origin.‘ As the conclusions of these articles 
been spread broadcast in popular weekly journals, it seem 
propriate that a fuller account giving a digest of the fact 
arguments bearing on the question be placed before the s 
tific public. 

Our so-called “ Arabic” notation owes its excellence t 
application of the principle of local value and the use of a 
bol for zero. It is now conclusively established that the ; 
ciple of local value was used by the Babylonians much « 
than by the Hindus? and that the Maya of Central America 
the principle and symbols for zero in a well-developed nun 
system of their own.’ The notation of Babylonia used the s 
of 60, that of the Maya, the scale 20 (except in one step). 
follows, therefore, that the present controversy on the orig 
of our numerals does not involve the question of the first u 
local value and symbols for zero; it concerns itself only 
the time and place of the first application of local value t 
decimal scale and with the origin of the forms or shapes o/ 
ten numerals. 


nm 


1G. R. Kaye, “ Notes on Indian Mathematics,” Journal and ! 
ings of the Asiatic Society of Bengal, N. S., Vol. 3, 1907, pp. 4 
“The Use of the Abacus in Ancient India,” loc. cit., Vol. 4, 1908, pp. : 
297; “ References to Indian Mathematics in certain Medizval Works,” / 
cit., Vol. 7, 1911, pp. 801-813; “A Brief Bibliography of Hindu Mat 
matics,” loc. cit., Vol. 7, 1911, pp. 679-686; Scientia, Vol. 24, 1918, } 
“Influence Grecque dans le Développement des Mathématiques Hit 
Scientia, Vol. 25, 1919, pp. 1-14. 

Carra de Vaux, “Sur l’origine des chiffres,” Scientia, Vol 
pp. 273-282. 

Nicol. Bubnov, “ Arithmetische Selbststaindigkeit der europ: 
Kultur,” Berlin, 1914. (Translated from the Russian edition, Kiev, ! 
“ Origin and History of our Numerals,” Kiev, 1908 (Russian). 

2M. Cantor, “ Vorlesungen itiber Geschichte der Mathematik,” ! 
3. Auflage, Leipzig, 1907, pp. 24-43. Cantor gives bibliographical r fere! 

’C. P. Bowditch, “Maya Numeration, Calendar and Astro! 
Cambridge (Mass.), 1910; S. G. Morley, “ Introduction to the Study 
Maya Hieroglyphs,” Washington, 1915. 





THE ORIGIN OF OUR NUMERALS 


That our numerals were of Hindu origin has been the belief 
bv individual European writers since the Renaissan 


.* 4 


wing the publication of M. F. Woepcke’s articles, particu- 


larly his “ Mémoire sur la propagation des chiffres Indiens,”* 
it came to be generally accepted by mathematical historians 
Only recently have dissenting voices been heard. Three writers, 
G. R. Kaye, Carra de Vaux, and Nicol: 
new claims. The last two writers place the weight of their 
authority on the side of an European origin. 

The arguments upon which the Hindu origin of our numer- 
als has been based are essentially three in number: (1) The 
use of the numerals in ancient Indian inscriptions, (2) the 
early Indian use of the abacus, (3) the testimony of Arabic 


>} , . Sul . } , 
ius Bubnov, represent thi 


writers. 

G. R. Kaye, who, on this question, is far more careful, con- 
servative and thorough than the other two investigators, has 
studied the Hindu numerals in connection with the general his- 
tory of mathematics in India. He has made important contri- 
butions to this subject. 

As regards the first argument, relating to ancient Hindu 
inscriptions, Kaye refers to seventeen inscriptions antedating 
the tenth century A.D. which have been supposed to contain our 
decimal place-value notation and to indicate the Indian origin 
of our numerals. The inscriptions are copper-plate grants. 
Many such grants are now known to be forgeries, fabricated 
about the end of the eleventh century, when there was “ great 
opportunity to regain confiscated endowments and to acquire 
fresh ones.” Students of epigraphy have eliminated from these 
seventeen inscriptions practically all but one as unauthentic, 
namely the one bearing the date 867 A.D.° Kaye states that 
the two earliest known Hindu inscriptions that contain com- 
plete sets of the ten numerals are of 1050 A.D. and 1114 A.D. 
According to the above, the earliest period of the undoubted use 
of our notation in India is the ninth century of our era. If 
the one inscription by which the ninth century is fixed turns 
out to be unreliable, then we must fall back on the tenth century 
as the earliest period. 

Some writers have ascribed a knowledge of our notation to 
the astronomer Aryabhatta, early in the sixth century. L. 
Rodet® does so on the ground that Aryabhatta’s rule for root- 


* Journal Asiatique, 6 S., T. 1., Paris, 1863, pp. 27-79, 234-290, 442 
°G. R. Kaye, Journal and Proceedings of the Asiatic Society of Ben- 


gal, N. S., Vol. 3, 1907, pp. 485-487. 
* Loc. cit., p. 493. 
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extraction implied a use of the principle of local value. 
ways divide the part that is not square by twice the root 
square, after having subtracted from this squared part 
square of the root: the quotient is the root to the next t 
Aryabhatta gives no illustrative examples. Rodet’s inf 
does not follow, since the rule applies to all notations. 
points out that Theon of Alexandria gave such a rule, 
not use a notation with place-value. 

The second argument, that the early Hindus used th 
is rejected by Kaye, for the reason that there is no re! 
dence to support the claim. It has been held that it 
use of the abacus which, most likely, suggested the prin 
local value. 

The third argument, regarding the testimony of A) 
writers, reveals in some parts the strength of Kaye's « 
tion of a non-Hindu origin and in other parts its w 
Kaye shows conclusively that through a mistranslation, I. 
lor and M. F. Woepcke, and their followers, have ascri! 
the Hindus the use of mathematical processes in early 
turies, when, as a matter of fact, there is no evidence w! 
to show that the Hindus actually used these processes 
early a date. This historica] error arose according to Ka 
the mistranslation of the word hindasi. Woepcke admi 
ordinarily this word signifies “‘ geometrical,” “ measure,” 
asserts that this interpretation seemed impossible when us 
connection with an explanation of the rule of “double { 
position ”’ and the process of “casting out the nines,” 
reason that these processes are purely arithmetical’ in nat 
Because of the resemblance of hindasi to the word hind 
dian,” Woepcke concluded that with the particular .aut 
question hindasi meant “Indian,” and that, therefor 
“double false position” and “casting out the nines”’ 
known to the early Hindus. The latter would seem 
the use of our notation. But Kaye was able to show that 
metrical interpretation of the passages in question was n 
possible, but had actually been found in Arabic books. 
over, authorities on the Arabic language declare that / 
can not mean hindi. Hence, says Kaye, Woepcke’s inf 
that the early Hindus used the method of “ double fals¢ 
tion” and the process of “casting out nine” is wholly wit! 
foundation. 

7M. F. Woepcke, Journal Asiatique, 6 S., T. 1., Paris, 1863, py 


511. 
8G. R. Kaye in Jour. and Proceed. of the Asiatic Society of ! 


Vol. 7, 1911, pp. 806-811. 
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Kave admits that hindi means only “ 
Arabic authors who speak of “ Indian 
is of computation. Some light on the 
was obtained only a few years ago,” W 
Mesopotamian scholar, Severus Sebokht, 
the latter half of the seventh century the nin 
known in Arab lands and were attributed t 
the alleged arrogance of certain Greek 
praises the science of the Hindus and speaks 
methods of computation. . . . I wish only t 
nutation is done by means of nine signs.” 


pus : 
" 


leaves it to us to guess whether or not he used 
passage, written about 662 A.D., is the earliest 
has been found outside of India to our numerals. 
About two centuries after Sebokht, appeared 

arithmetic of the Arab Alchowarizmi. The Arabic 
lost. but a Latin translation has come down to us und 

‘ Algoritmi de numero Indorum.” While this 

Indian numerals, they are not actually used in 
book on the astronomical tables of Alchowarizmi t 
ten by Muhammed ibn Ahmed el-Biraini (973-103 
lated into Hebrew by Rabbi ben Ezra, who says i 

ion that a Hindu astronomical work had been translate: 
Arabic and that, after the time of Alchowarizmi, “ schol 
their multiplications, divisions, and extraction of r 
written in the book of the [Hindu] scholar which they p 
in translation.”*®° Other Arabic authors who in the 
their texts refer to the Hindus are enumerated by 

Thus, about 987 A.D. appeared “The great Treatise on th 
ble relating to the Indian Calculus.” Soon after came 
Principles of the Indian Calculus,” and about 1030 “ The 
factory Treatise on Indian Arithmetic.” There were 
works, both bearing the same title, “Indian Arithmetic,” 
of the ninth century, the other of the tenth. A Latin 
attributed to Abraham, a Jew of whom little is known, is enti- 
tled “Liber augmenti et diminutionis vocatus numeratio divi- 
nationis, ex eo quod sapientes Indi posuerunt.” The Teal an 
Leonardo of Pisa, after traveling in Egypt, Syria, Gr 
Sicily, wrote in 1202 his Liber abbaci in which he calls our 


*M. F. Nau, Journal Asiatique, S. 10, Vol. 26, 191' 
and J. Ginsberg, Bulletin Am. Math. Society, Vol. 23, 1917, p 
See D. E. Smith, “ Rabbi ben Ezra and the Hindu-Arabic Problem,” 
Am. Math. Monthly, Vol. 25, 1918, p. 103. 
G. R. Kaye, Journal onl Proceedings of the Asiatic Society of Ber 


gal, N. S., Vol. 7, 1911, pp. 814-816. 
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numerals with the zero “figure Indorum.” The By 
monk, Maximus Planudes (1260-1330), wrote an “ Arit} 
according to the Hindus.” The evidence from these and 
other texts that we have omitted, in favor of the Hindu 
of our numerals, is not so strong as one might think. In s 
cases no Hindu symbols are actually employed by the au 
the arithmetic and algebra set forth do not seem to bear Hi 
characteristics. Kaye suspects that the word “India: 
often incorrectly applied. Yet this testimony, as a w 
comes with a force that is difficult to break. 

Kaye has sought light on the history of our nume: 
other studies. The successive units of our notation 
from right to left. Thus, we write the present year 1919 
not 9191. Therefore, our notation was probably invented 
people with a right to left script and not by the Hindus w! 
script is from left to right. Kaye concedes that this argu 
is weakened by several considerations; thus, it is known ¢ 
certain scripts have reversed their direction. 

Again, Kaye points out that an “Old Indian” notation w 
out the zero was used in India as late as the twelfth and t} 
teenth centuries. The form of the symbols with the zer 
in India, differed so widely from the old forms without the 
used there, that the former seem to have had an independent 
origin and to have been imported into India. 

Let us now examine the arguments put forth by th 
sian scholar, Carra de Vaux. He quotes a well-known pas 
from the Arabic historian Masoudi writing in 943 A.D., g 
a legend on creation which De Vaux recognizes as one d 
doubt, to the Neoplatonists in Persia.‘ This legend ascri! 
an Indian origin to our numerals. De Vaux’s contention | 
the belief in the Indian origin, held by modern writers 
history of mathematics, rests simply upon this legend, is ha! 
in accordance with fact. Too indirect or circumstantial! 
convincing is de Vaux’s next point. He says that the A 
author Albiruni (died 1038) must have drawn his inf 
about Indian numerals from the above named legend, for ot! 
wise he would not have given simply a general stateme! 
would have followed his usual custom of giving almost 
scrupulously precise and detailed accounts. 

We have seen that Woepcke erroneously attribut: 
Arabic word hindasi the significance of hindi or “ Indian,” 
consequently drew some wrong conclusions. De Vaux a! 

12 See Carra de Vaux in Scientia, Vol. 21, 1917, p. 274. The 
tion from Masoudi is given in Jour. and Proceed. of the Asiatic 
Bengal, N. S., Vol. 7, 1911, p. 812. 


\ 





THE ORIGIN OF OUR NUMERALS 


he other way, namely, that hindi does not mean “ Indian,’ 


means hindasi or “measure,” “geometry,” “arit 
when Arabic authors speak of hindi numer: 
‘Indian numerals.” The only support ad 
usual and strange interpretation is that an 

the ninth century asks the question, “who is the inventor 
the hindi figures,” implying that he did not know the answer. 
It is possible that the question might have meant “ who in India 
is the inventor of the hindi figures.”” De Vaux states tl 
Arabs did not ascribe the abacus to India; it is call 

which is said to be Persian. De Vaux conjectures that the 
Arabs got the numerals with the zero from the Persians, who, 
in turn, got them from the Neoplatonists or Neopythagorians 
of Greece. On this hypothesis it is easier, he says, to explain 
the diffusion of numerals among the different nations than on 
that of a Hindu origin. From the Greeks they naturally spread 
to the Latins (Beethius, fifth century) and Persians, and from 
the Persians to the Arabs and Hindus. From the Arabs the 
numerals passed to Spain, where Gerbert found them in the 
tenth century. De Vaux’s suggestions as to the parts played 
by Bethius and Gerbert do not seem to give proper weight to 
the numerous researches on the authenticity of manuscripts 
and are open to grave doubts. In fact, De Vaux and Nicolaus 
Bubnov entertain opposite views with regard to the geometry 
of Bethius, particularly the part which contains the account of 
the nine numerals. Bubnov™ concludes that it was written in 
the eleventh century, while De Vaux assigns it to the fifth. 
Bubnov gave a preliminary exposition of his hypothesis on the 
origin of our numerals in his 1899 edition of Gerbert’s mathe- 
matical works. A fuller treatment followed in his book, “‘ The 
Arithmetical Independence of European Culture,” which ap- 
peared in Russian in 1908 and was translated into German in 
1914. In the same year 1908 he issued in Russian another 
publication, “ Origin and History of our Numerals,” We have 
not enjoyed the opportunity of consulting his last work directly, 
but a rather full synopsis is given in the Fortsch 
Mathematik, 1908, pp.53,54. Philological studies lea 
to deny the Hindu origin of our numerals, to claim th: 
tenth to the twelfth centuries Europe possessed the modern 
positional arithmetic, though clothed in the form of the abacus 
with columns and marked reckoning counters. Bubnov holds 
that these counters marked with ancient symbols (the progeni- 
tors of our numerals) had superseded the older unmarked 
counters. He points out the existence of a counter which stood 
for zero (rotula supervacua) and claims that our modern Euro- 


18 See Fortschritte der Mathematik, Vol. 38, 1907, p. 62. 
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pean numerals have no connection with India. Thus he 


instrumental form, the instrument being an abacus wit 
umns and marked reckoning counters. He asserts with 
dence that the abacus with marked counters was used 
ancient Greeks and Romans, even though (as far as know: 
such counter has come down to our time or has been d 

by writers of antiquity. He says that when written arit) 
supplanted instrumental arithmetic, the nine numera!s 
zero, which first appeared on counters, finally descend 
the written page, but he has no evidence to support this a 
tedly clever hypothesis. Nor is he able to point to any Eur 
document which contains our nine numerals and the 
early as they are found in India. Of course, Bubnov has a 
fect right to set up hypotheses of his own,but his writings 
play an inclination on his part to parade unproved hyp 
in the guise of fairly well established facts. That his « 
tions should be viewed merely as unproved hypotheses a; 
also from the comments made by Sintzov,’?* Smith and 
pinski,** Paul Tannery** and G. Enestrém." 


SUM MARY 


The following are the outstanding facts: 

1. The earliest reliable record of the use of our nun 
with the zero is an inscription of 867 A.D. in India. 

2. The validity of the testimony of early Arabic w1 
ascribing to India the numerals with the zero is shake! 
not destroyed. 

3. There is not a scintilla of evidence in the for 
manuscripts or numeral inscriptions to support the | 
origin of our numerals. 

4. At present the hypothesis of the Hindu origin of our! 
merals stands without any serious rival. But this hy; 
is by no means firmly established. 

As a by-product of the discussion of recent years wé 
admit that, on the evidence presented, the claim that our ! 
merals and the zero were used in India as early as th 
century must be abandoned; our earliest apparently re! 
evidence belongs to the ninth century. We must also aba: 
the claim that the early Hindus used the abacus, the ru 
“double false position,” and the process of “casting \ 
nines.” These corrections are due to G. R. Kaye. 

14 Fortschritte der Mathematik, Vol. 39, 1908, p. 54. 

15 Smith and Karpinski, “ Hindu-Arabic Numerals,” 1911, | 

16 P, Tannery in Bibliotheca mathematica, 3. Series, Vol.1,1900,! 
17G. Enestrém in Bibliotheca mathematica, Vol. 14, 1913-14, } 
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COLLOIDS AND LIVING PHENOMENA 


By Dr. NATHAN FASTEN 


rHE UNIVERSITY WASHI) 


[* ‘ecent vears the colloids have assumed a ¢ 


in all discussions of living matter, so n h so that 

en been defined in terms of colloidal reactions Phe 

asm of the living organism consists essentially of (1) 
2) erystalloids and (3) colloids, and it might be trulv st 


hat all the complex and unintelligible manifestations 
ter depend, largely, on the delicate int: rpiay Of tnese 
substances. Whether there is a vital force—an entelec] 
spirit that directs the wonderful behavior of these chen 
nbinations is a question which can not be conclus 
answered. Certainly the results of physics, chemistry ai 
gv within the last few vears have tended to give a materia 
guidance to our conceptions of living phenomena, and 1 
modern physiologists are in agreement with Verworn whet 
haracterizes life as nothing more than a reaction of th 
ids (colloids). In any event, it matters very littl 
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discussion whether one’s conception of life is “ vitalist 
“mechanistic.” All that this paper wishes to present is t 
played by the colloids in those unique reactions which a) 
monly designated as “living reactions,” or as summed u} 
term “life.” 

The colloids were first investigated by Thomas G 
(Fig. 1) in 1861, who applied the term to those subs 
which did not readily pass through a dialyzing membra: 
Graham the colloids and crystalloids represented tw 
worlds of matter with no transitions between them, 
sessing the following well-defined properties: 


Crustalloids Colloid 


1. Are crystalline substances. 1. Are amorphous substa 


2. Form saturated solutions 2. Do not form saturat: 
and crystallize out readily. tions and are not 
3. Asaturation point isreached. crystallize out fro 
4. Are of low molecular weight. tion. 
5. Diffuse readily through ani- 3. No saturation poi! 
mal membranes. reached, the solut 
comes thicker and t 
Examples of Crystalloids finally forming a 
Sugar, salts, fatty acids, amino- gum. 
acids, glycerine, ete. 1. Are of very high n 


weight. 

5. Diffuse but little or! 
through animal 
branes. 


Examples of Ce 
Gelatine, albumins, glu 


etc. 


However, we now know that these are but arbitr: 
tinctions. While it is true that a substance in the 
state possesses wholly different properties than the s1 
in the crystalloidal state, yet it must be recognized tha 
are states of substances. Albumin, which exists as 
may, nevertheless, be obtained in a crystalline form 
versa. Some of the commonest salts may form colloids 
sodium acetate possesses the qualities of a crystalloid i1 
solution, while sodium stearate belongs to the colloids. 
the typical colloids, like the proteids, may he broken 
the digestive ferments to form crystalloids. These 
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reak down the proteids into bodies intermediat 
rvstal oids and colloids. The protec ses, Whicn are Nn 

ducts in this metabolism, possess colloidal properties s 
ess marked than the protein itself. The peptones, the 

ducts in the breaking down process of protein, althoug 

vstalli rable, are, nevertheless, different from colloids ! 

] ‘ ectrolvtes. These are the ste ps that oridayg tne vg 

veen colloids and crystalloids. Biochemists of to-da 
many substances, perhaps all substances, may exist 
rvstalloidal state and then in colloidal state. 

This power of change from the colloidal to the crysta 
state, and Cé ersa, seems to he the verv essence 
According to Wells: 

WW iy look upon cell life as a star ! 

iilibrium, both chemical and osmotic, becau the n 
equilibrium is always against the other \ fl 
rbohydrates and proteins—are character 


and crystalloids when disintegrated, thus 


colloidal proteins — crystalloid amir 


; 
I 
colloidal glycogen — crystalloid sugar 


ondiffusible fats — diffusible soaps a1 rivcel 
Ir nsequence of this, if the crystalloids diffuse from the | 
there is at once an excess of this end of th lation, ar 
ntracellular enzymes, synthesis to the col n occurs 


sh chemical equilibrium. Chemical changes in the crystal] 


tion, reduction or hydrolysis, upset this chemical equilibriun 


further diffusion, synthesis and hydrolysis continue, one upsett 


ther continuously. If equilibrium were established we should 
further reactions, and the cells would be inactiv The constant 


f the equilibrium is what constitutes cell life 


} 


Perhaps the most interesting characteristic of colloida 


stances is their lability. They may readily be broken down 


built up into other combinations. Moore in speaking 
lability of the colloids says: 

The whole essence of the colloidal condition is that of a b: 
energies in the most delicate equilibrium All the known pr 
olloids can be traced to feebk molecular affinities betwee 

themselves, causing them to unite into multi-molecules 01 
gates” and to balance between such affinities and similat 
for crystalloids in common solution with them, and for the n 


the solvent 


Upon this lability depends the various phases undergone 
colloids in protoplasm. 


0) 


' 


»\ 





Colloids are generally divided into the following phases, 


depending on their more liquid or jelly-like condition: 








SCIENTIFIt 


000 
0000 
eee 




















(dispers¢ d states. 


solutions or fine suspensions. 
hydrosol condition. 
(undispersed 
either (a) the emulsion type, or 
tated type (mixtures of emulsions). 
typical hydrogel condition. 
hydrosols the colloidal 


Fig. 2, A, 
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States). 


(b) the coagulated or p1 


particles 


Each particle is distinctly 
from every other particle and behaves as a single unit 

















cule in solution. 


The particles of the colloids do not ent 
true solutions, but usually exist in the form of suspé 
which exhibit Brownian movement. 


solutions are examined 





Fig. 2, 


This can be clea) 
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COLLOIDS 


. » >, ,£ h y Tt) nneara ot th Sis 
scope. Figs. 3, B and 5, a—e show the appearance of tne 





. . , ee ae sie etn £ Qnirnovr a 
pended colloidal particles In the living cells of Spirogyra and 


of the dog’s nervous system as seen under the ultra-microscop 
We know that most colloids form suspensions only fron 

still another line of evidence. Substances which enter into tru 

solution alter the freezing point as well as the boiling point 


the solvent, but colloids change these points very little if at 

















Furthermore, true solutions, such as formed by crystalloids, 
exert an osmotic pressure while suspensions show no such 
behavior. Typical colloids do not exert osmotic pressure, henc: 
form no real solutions. 

Some colloids, however, have been rece ntly shown to forn 
real solutions; for instance, Starling has shown that the pr 
teins dissolved in the blood serum possess an osmotic pressure, 
hence they form true solutions. Pfeffer has also shown by his 
experiments on gum arabic and glue that these colloids exert 
osmotic pressure, therefore forming real solutions. 

When, for some cause or another, such as a change in th 
environment of the hydrosol, the multi-molecules of the colloid 
are aggregated together, a hydrogel is produced. In this cond 
tion we have a diphasic system of the colloid, consisting of (1) 
a very dilute solution of the smaller multi-molecules, and (2) a 
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more or less solid of huge molecular complexes of the 
containing comparatively little of the solvent. In forming, 


ta 
- 


hydrogel there has occurred more or less of a settin 
solid colloidal particles. 

When this setting of the colloidal particles has occur 
spherules far apart and separated by the fluid medium, th 
emulsion is produced. If the setting continues, then a 
work of the solid particles may be formed, enclosing the 
phase. In this way a foam or reticulum may be produc 
the meshwork may take on many forms. 

It is thus evident that in this manner the various stru 
found in living cells, foam structures, granular structures. 
works, spindle fibers, chromosomes and the like may orig 
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Fig. 4 illustrates the various appearances which the proto} 
of the cell may assume. 

Colloidal gels are of two kinds, (1) reversible, and (2) 
versible. 

A reversible gel is one in which a reversal of the con 
that produced gelation causes it to return to its original s 
the sol state. For example, when gelatin in the hy 
condition is cooled it solidifies and assumes the hydrogel 
tion. Upon heating this hydrogel it will again assun 
hydrosol condition. 

On the other hand, an irreversible gel is one in whic! 
versal of the condition that produced gelation does not 
the colloid to return to its original condition. For inst 


COLLOIDS AND LIVING 


when the albumen of the white of egg is heat 
.ssumes a gel condition. When this ge | is cooled 
hanged and never reverts to its original hvdrosol co 
All living matter is characterized by its richness 
the emulsion type (Figs. 6 and 7) which present a remar! 
ible degree ot reversibility. Protoplasm is really an aggregat 
colloids holding water for the most part, in which ar 














tained electrolytes and non-electrolytes. Hence, the chemica 


reactions of protoplasm occur in dilute solutions of electrolytes. 

Electrolytes when in solution dissociate into ions, the posi- 
tive ions, or cations, bearing positive charges of electricity, 
while the negative ions, or anions, bear negative charges of 
electricity. Thus when NaCl is dissolved in water. a dissocia- 
tion of the Na and Cl ions occurs. The Na ions bear positiv 
charges while the Cl ions bear negative charges. The Na 


ions 


i) 


are therefore cations, whereas, the C/ ions are the a) 


Within recent years it has been found that lions may exist not 
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only as charged atoms, but as charged groups of atoms 
icals) as well. 





Many biochemists and physiologists now believe tha 
physiological action of many substances depends upon th 
trical charges borne by the ionized particles, and not 
chemical nature of the particles themselves. 

Colloidal particles have been shown to bear el 
charges. The colloid particle, although consisting of 
atoms, behaves as a single charged particle as far as its 
trical charge is concerned. In general acid colloidal part 
are electro-negative and alkaline colloidal particles ar 
positive. The charged particles induce the opposite cha 
the surrounding water or other fluid medium in which th 
suspended. If the colloidal particles are charged with pos 
electricity, the surrounding fluid medium is charged negat 
and vice versa. Also, the number of charges in the surr 
ing fluid is proportional to the surface of the colloidal part 
If by any means (such as heat, electricity, internal che: 
changes, etc.), the colloidal particles are thrown togethe) 
aggregations, then a reduction in the amount of surface 
particles occurs, bringing about a readjustment in the elect) 
conditions of the surrounding medium. Conversely, wi 


change occurs in the electrical state of the medium surr 
ing the colloidal particles, a readjustment in the latter o 
For instance, when the density of the charge of parti 

diminished aggregation leading to coagulation (Fig. 8, A 
B) is brought about ; when the density of the charge is in 

a still finer division of the particles is produced (Fig. 9, A 
B). Either change might occur as a result of the ch 
changes in the particles themselves or in the conditions 
rounding them. 

Hardy has made a very extensive study of the el 
properties of colloids. Guyer summarizes Hardy’s w 
follows: 

Hardy, using a sol of proteid has shown: (1) that a gel is p1 
the addition of electrolytes, but not by the addition of non-electr 
less they act chemically; (2) that the gelation produced by electr 
due to the electric charge carried by the ion, inasmuch as ident 
follow the use of an electric current from a battery; (3) that 
of the electric charges carried by the ions (plus or minus) deter 
movements of colloidal particles either keeping them in suspensior! 
or causing them to fall into the gel condition (e. g., a sol havit 
loidal particles negatively charged will pass into a gel state if plu 
added or if the plus electrode of a battery be introduced) 

Certain daily events may be interpreted intelligent 
bearing in mind the above facts. For instance, the irrit 
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the human organism depends largely on the state of th 
is in the nervous system. When these oids g 
9 ondition the individual becomes irritable When this cor 
n is prevented irritability is lost. To take concrete ex 
n ples: 
1. Mechanical stimulation such as a shock, push, blow o1 
ectrical stimulation would cause neighboring colloidal particles 


which they acted to coalesce, thus reducing their surface 
Since the colloidal particles are normally positively charged 


thev induce the negative charge in the surrounding mediun 





Anv reduction in the surface of the colloidal particles releases 


portion of the negative charges previously induced in the 


iid medium. These released negative charges act on th 


ne ighboring colloidal particles, etc. Thus a wave otf gelatiol 
results, passing over the nerve, with the liberation of negative 
ions at the end of the process which call the muscles into pla) 
esulting in action. 

2 Stimulation by Light and Ether Vibrations. Protoplasn 
is stimulated by light due to the charges of the electrons in the 
sun. When these electrons move through the ether they set uj 
vibrations which, when they come in contact with protoplasn 
act like ions, setting up a wave of gelation over the colloids i 
nerves, thereby bringing about a response. 


3. Chemical Stimulation.—The action of certain chemicals. 


like chloroform, ether and alcohol on protoplasm may be ex 
plained on a similar basis. These substances increase the 
hvd 

these drugs are administered the colloidal particles of the ner 
ous system are divided more finely, thereby causing a loss of 


lroso! condition, thereby preventing irritability. So long as 


consciousness. When these substances wear off consciousness 


returns. The above explains the values of ether and chloro 


form as anesthetics. The action of alcohol or whiskey during 


a snake bite may also be explained on the same grounds. Snake 


poison causes a coagulation of the colloidal particles. Alcoho 
prevents such precipitation. 


On such a basis we can readily understand the rapid changes 


in the consistency of protoplasm—changes from more rigid con 
ditions to those that are more fluid and vice versa. Only by 
understanding the reactions of the three substances entering 
into living combinations, namely, water, crystalloids, and col 
loids, can we hope to intelligently comprehend such living pr 
cesses as metabolism, growth, irritability and the like. In 
word “life or the life process is a reaction of the colloids,’ and 
n order to understand life or the life process the biologist 
to-day must give his moments to the study of the colloids. 
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THE PROGRESS OF SCIENCE 


DEDICATION OF THE PITTS 
BURGH EXPERIMENT STA 


TION OF THE BUREAU 
OF MINES 
THE new experiment station of 
the U. S. Bureau of Mines at Pitts- 
burgh, which has been in use for 


about two years, was formally dedi- 
to public service on Septem- 
29, the 


been 


cated 
ber dedication ceremonies 
postponed on account 
of war. E. V. 
the city, 
official 


welcome 


having 
of the 
Babcock, 

the 
and 


emergency 
of 
and 


wel- 
dele- 


re- 


mayor 


guests 


comed 


gates this was 


sponded to by A. T. Vogelsang, first 


assistant secretary of the interior, 


who read the following telegram 
from President Wilson: “ Will you 
not be kind enough to convey my 
most hearty greetings to the assem- 
blage at Pittsburgh next Monday. 
I wish that I might be present to 
express my very deep interest in 


the work being done by such instru- 
mentalities for the increase of pro- 
the of life 
raising of the standard of 


duction, safeguarding 


and the 


labor and scientific ende 


a very happy circumstar 


this meeting should b 
the ceremonies connects 
dedication of the new buil 


Pittsburgh of the Bureau of 

William C 
Pennsylvania, spoke of tl 
tance of the Mining Indust: 
ot 


Sproul, 


the contributior 
Mines 


make to its continued prog! 


state, 


Bureau of has mad 


pledged the cooperat lO! 


in every way in helping 
to do the things it is nece 
desirable to do in the 


Pittsburgh station 
He 


operation of the 


of the 
usefulness also urge 


mer Wi 


work in the industry a! 
who have the properties 
the work is done a Fee 


+ 


the 
\(merican 
Metallurgical 
the problem of product 


ning, representa 


Institute of M 


Engineers, 


tribution in industry ar 





trial problems of the day 
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irned over to Director 


H. Manning by Assistant Se 


\ eisang, who said that he 


the Key would never lock the 


but be regarded rathe r as 


vymbol of the purpose and the 


of the bureau to unlock 


secrets of nature for the use 


benefits of all mankind Mr 
n recelving the Key Sala 

s indeed to me a very h 
o accept from you this 
this magnificent structure 


has been contributed to the 


ve who has been select 


cept this emblem which stands 


safety and effi ency In the ul 





ndustry and I hereby pledg« 


uu, Mr. Secretary, and to you 


represent capital and_ labor, 
ver and employee in the min 
nd allied industries, my alleg 
the cause we represent 
Pittsburgh station and its 
the development of the Bu 


f Mines and the plans of its 


ler, Dr. J. A. Holmes, are de- 


in an illustrated program 
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THE 


been built to replace the old re- 
modeled cars, three of which, how 
ever, are still in use. Five auto 


trucks are also maintained for train- 


ing work and for emergency use in 


the event of mine disaster. Other 
departments are the fuels section, 
the electrical section, the mechanical 
section, the chemical section, the 
analytical laboratory, the gas lab- 
oratory, the gas-mask laboratory, 
the natural gas research unit, the 
microscopic research unit, the petro- 


leum laboratory, the explosives 


chemical laboratory, the metallurgi- 


cal and metallographic laboratories, 


and the pnysical laboratory, the 
eX\perimental mine near Princeton, 
Pa., explosive section and the ad- 
ministrative section 


THE BUREAU OF MINES AND 
JAMES AUSTIN HOLMES 
THE work of the U. S. 

the 

conduct 


Bureau of 
lefined in legislation 


to 


Mines, as 


cleating it, scientine 


Is 


and technologic investigations con- 


cerning mining and the preparation 


mineral substances with a view 


of 
to the increase of health, safety and 
efficiency in the mineral industries. 
It 


work has two phases: investiga- 


tive, to determine the best proce- 
dure along these lines; and co- 
operative, te assist industry in 


utilizing to the fullest practicable 
degree the improved practises thus 
To the latter end it wel- 
of 


organizations, 


developed. 
the 
workmen’s 


comes cooperation operators, 


commer- 


cial bodies, technical societies, state 
and other government officials, and 
every one who is interested in the 
advancement of the mining and 


metallurgical industry 


The research branch has charge 
ot investigation which is chiefly 
carried on in the experiment sta- 
ticns, although a large part is per- 
formed in the field. For purposes 
of technical supervision, there are 
five divisions of the research work; 
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mining metallurgica 
mechanical equipment 
cludes the utilizatior 


mineral technology 


The operations brar 
the cooperative work of t} 
that has been nitiated 
search branch The 
mine rescue cars and st 
ries on mine rescue al 
work at actual disaste) 
thousands of miners year 
form such work, and pror 
terest in safety n muir 
every means at its comm 
civision of education at 
tion facilitates the makin; 
to the mining public 


done by the other branch 
publication of 


researches 


tistics, exhibits, mot 


and the disseminatior 


tion as to the laws 


mining industry 

The foundation of the bur 
due in asure 
the 
Holmes 
North 


rganize 


large me 
late Professor 

When state 
Carolina, 
the 


metallurgy of the 


oO 


ne Was 


department 
and 
Purchase 
His 


ali 


Expositior 
creative IMagin: 
opportunity to secure ! 
permanent value 
and 


of t 


alyzing 
he U 


materials it 


sources 


structural 


with the exhibition, a1 
done under the directior f 
mission of which he was 
Atter the close of the ex} 
work was continue 


charge. The testing plant 


“oY - r 
transterres 


sequently 


tcwn Exposition and fina 
Arsenal grounds at Pitts 
1907 the technologic br 
I . 5. Geolovical Survey 


Holmes i 
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being not only the most prodigal 


nation 


in the expenditure of national 


resources, but of the lives of its 
citizens as well. Its leading place 

the production of all the prin 
¢:pal minerai substances was accom- 


panied by a wanton loss of life and 
of health. In 
unusual number of mine explosions, 
and the 


ment to 


1907 there was an 
move- 
the 


culmi- 


result was a general 


take steps to 


f life 


prevent 
These 
nated in the creation of the Bureau 
ot Mines, 1910, the 
of increasing health, safety, 
the 
Was appointed director 
the 
untimely death in 
the 
the 


rie edless loss ‘ 


in for purpose 
and 
efficiency 
Lr 


ard 


in mining industry. 


Holmes 


retained position until his 


1915. 


Starting work at Pittsburgh 


placed it in center of an im- 


portant mining and metallurgical 
region. Though the work of the 
bureau was at first housed in tem- 


porary and unsuitable quarters, Dr. 
Holmes had 
perimental 
all 


a vision of a great ex- 


station for 


kinds of 


mining, 


where accidents could 


be studied, and methods developed 
for their prevention, which miners 
and operators alike could feel was 
their station and could come to for 
information and education. It was 
also his conception that this sta- 


tion should help to stop the waste 
mining from the 
efficient methods employed and the 


i? resulting in- 


excessive competition in the coal in- 
To this end he foresaw the 


for 


dustry. 


need for research laboratories 


chemical and physical investigation 


of gases, explosives and mineral 
substances, and equipment for the 
testing of mine lamps and other 
machinery, and finally, of the estab- 
lishment by the bureau of such 
agencies as would result in the 
training in the use of rescue appa- 
ratus and in giving first aid to the 
injured. The fruition of Dr. 


Holmes’s work is the experiment sta- 


which has now been dedicated. 


tion 
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